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BAFF, Related Blocking Agents and Their Use in the Stimulation and Inbibition of

B-celis and Immuncglobins in Immune Responses

FIELD OF THE INVENTION

The present invention refates 1o the wse of a ligand, BAFF, a p-cell activating .
factor belonging 1o the Tumor Necrosis Family and its blocking agents to either
stimulate or inhibit the expression of B-cells and immunoglobulins. This protein and jts
receptor may have anti-cancer and/er immucoregulatery applications as well as uses for
the treatroent of immunosuppressive disorders such as HIV. Specifically, the ligand and
its blocking egents may play -n role in the development of hypentension and jts related
disorders. Furthermore, cells transfected with the gene for this ¥gand may be used in
gene therapy to treat tumors, autoimmune discases or inherited penctic disorders-
invelving B-cells. Blocking agents, such as recombinant variants or antibodies specific
1o the ligand t;r its reczptor, may have immunoregulatory applications as well. Use of
BAFF as 2 B-cell stimulator for immune suppressed diseases including for example uses
for paticnts undergeing organ tansplantation (ie bone marrow transplant) aswell as
recovering ﬁnm cancet treatments to sticwlate produstion of B-cells are coni‘nmp]amd.
Use of BAFF 25 an adjuvant and or costimulator 1o boast and or restore B cells levels to

approximate normal levels are also contemplated.

BACKGROUND OF THE INVENTION

The umor-neerosis factor (TNF)-elated cytokines are mediators of host defepse
and immune regulation. Members of this family exist in membrene-anchored forms,
acting locally through cc.ﬂ-tn-ccll contact, ar as secreted proteins capable of diffusing to
more distant targets, A parallel family of receptors sipnals the presence of these
molecules leading to the initiation of cell death or cetiular proliferation and
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differentiation in the target tissuze. Presently, the TNF family of ligands and receptors

“has at least {1 récognizzd receplor-figend pairs, including: TNF INF-R; LT-L'INF-R;

LT-V9:LT-8-R; FasL:Fas; CD40L:CD40; CD30L:CD30; CD27L:CD27; OX401:0X40
and 4-1BBL:4-1B8. The DNA sequences encoding Lhese ligands have only abrm_i 25%
to about 30% ideatity in even the most related cases, although the amino acid
n;lqicdnrés is about 50%. - \

The defining [eature of this family of cytokine receptors is found in the cysteine
rich extracellolar domain initfally revealed by the molecular cloning of two distines TNF .
receptors. This family of geaes encodes glycoproteins characteristic of Type |
wransmembrate proteins with an exwacellular ligand binding domain, 2 single
membrane spaning region and & cytoplasmic region involved in activating cellular
functions. The eysteine-rich ligand binding region exhibits a tightly knit disulfide
linked core domain, which, depending upon the particular family member, is repeated
reultipie imes, Most receptors have four domains, although there may be as few as
three, or as many as sbx.

Prateins in the TNF family of ligands are characterized by a short Neterminal
streteh of normaily shont hydrophilic emino acids, often containing several Yysine or
arginine m;idur.s thought to serve as stop transfer sequences, Next follows a_
transmembrane region and an extracelluler region of variable lcngth, that separates the
C-tzrminal re'wplnr binding domain from ths membrane, This region is sometimes
referred to as the “stalk”. The C-terminal binding region comprises the bulk of the
protzin, and ofien, but not always, contains plycosylation sites. These penes lack the
classic signal scq‘ucnc::s charecteristic of type I membrane proteins, type B membrane
proteins with the C terminus lying outside the eall, and & short N-termizal domain
residing in the cytoplasm. In some cases, e.g., TNF and LTI, cleavage in the stalk
region can ecew early during protein processing and the ligand is then found primarily
in secmad form. Most liganﬁs, howeves, exist in & membrane form, mediating

localized signaling.



The structure of thess ligands has been well-defined by crystallographic agalyses
of TNF, LTI, and CD40L. TNF and lymphatoxin-] (LT} are both structured into a
sandwich of two anti-parallel 8-pieated shests with the "jelly roll” or Greek key

- topology. The rms deviation betwersn the Cland 8 residuss is 1.61 C, supgesting a high

degree of similarity in their moleculer topography. A siructural feature emerging fiom
molecuiar studies of CD40L, TNF and LTI is the propensity to assembie into
oEiéomeﬁc complexes. Intrinsic o the oligomeric structase is the formation of the
seesptor binding site at the junction betsween the neigbboring subwis weating 2
multivalent figand. The quaternary structures of TNF, CD40L a0d LT-1 have been
shown 10 exist s trimers by analysis of their crystal structures. Many of the aming.
acids conserved between the different ligands are in stretches of the scaffold §-sheet. It
is likely that the basic sandwich structure is preserved in all of these molecules, sinee
portions of these scaffold sequences are conserved across the various farily members.
The quatemary structure iy also be maintained since the subunit conformation is
likely to remain similar.

TNF family members can best be described as master switches in the fmmne
system controlfing bath cell survival and differentiation. Only TNF =nd L17 are
curently recogaized as sccreled cylokines contrasting with the other predominantly
membrane anchored members of the TNF family. While 2 membrane form of TNF has
besn well-characterized apd is likely to have wnique biclogical roles, secreted TNE
functions 25 a general alarm signaling 1o cells more distant from the site of the'
wiggering event Thus TNF secr;zﬁun can amplify an event Icading tothe .
well-described changes ia the vasculature Jining and the inﬁammamﬁ stale of cells. In
contrast, the membrane bound members of the family sead signals though the TNF type
receptors oaly to cells in direct contazt. For example T cells provide CD40 mediated
“help™ only to those B cells brought into direct contact via cognate TCR interactions.

* Similar cell-cell contact limitations on ihe ability to induce cell death apply to the

well-studied Fag system.




. Tt appears that one can segregate the TNF ligands into three groups based on
their ability to induce cell death. First, TNF, Fas lipand and TRAIL can efficiently
induce col death in many lines and their raceptors mostly Ykely have éooﬂ canonical
death domains. Presumably the ligand 1o DR-3 (I'RA.MPFWSL-i) would also all into
1bis category. Next there are those ligands which trigper s weaker death signal limied
to fow ezll types and TWEAK, CD30 ligand and LTalb2 arz examples of this class ,
How this group can trigger cell death in the absence of a canonical death domain is an
interesting question and suppests that a separate weaker death signaling mechanism
exists. Lastly, there are those members that cannot efficiently deliver a death signal,

)

Probabiy all gronps can have antiproliferative effects on some cell types consequent to

. inducing cell differsntistion e.g. CD4_0 (Funakozhi et al., 1994}

w3

éi! The TNF family has grown dramaticatly in rcccmbyears {o encompass at least §1

l.i different signaling pafhways involving regulation of the immune system. The

{‘l.f widespread expression pattems of TWEAX and TRAIL indicate that these is still mors

L’J functional variety to be uncovered in this family. This aspect has been especially

E‘_j highlighted recently in the discovery of two receplors that affect the ability of rous

}; sacroma and berpes simplex virus to replicate as well as the historical observations that

g TNF bas anti-viral activity end pox virses epcode for decoy TNF receptors (Brojatsch

W et al,, 1996; Montgomery ct al., 1996; Smith, 1994; Vassalli, 1992).

TINF is 2 mediator of septic shock and cachaxia, and is involved in the regulation

. of hemalopoietic cali development, It appears to play & major sole as a mediator of

inflammation and defense against bacterial, viral and parasitic infections as well as
baving antitumer activity, TNF is also involved in different autoimmune diseases, TNF
may be produced by several types of cells, including macrophages, fbroblasts, T celis
and patural killer eells. TNF binds to two different receptors, &ach acting through
spesific intracellular signaling molecules, thus resulting in different effects of TNF,
TNF can exist either 25 8 membrane beund form or as & soluble ssereted cytokine,

LT-l shares many activities with TNF, i.e. binding to the TNF receptors, but
unlike TNF, appears to be secretad pritnarily by activated T cells and some 8-

5
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“lympheblastoid tumors. The heteromeric complex of LTI 208 LT-8 §8 2 membrane

bound complex which binds to the LT-§ receptor. The LT system {LTs and LT-R}
appears 10 be involved in the development of peripheral lymphoid organs since penetic

disruption of LT-8 leads to disorganization of T and B cells in the spleen and an

‘ absence of lymph nodes. The LT-8 system is also invelved in cell death of some

- adenocarcinoma cel lines,

Fas-L, anpthlm'mmba of the TNF family, is expressed predominantly on
activated T eells. Jtinduces the death of cells bearing its receptor, including tumor cells
and HIV-infected cells, by a mechanism known as proprammed cell death or apoplosis.
Fusthermore, deficiencies in cithar Fas or Fas-L may lsad to lymphopnoliferative ©
disordess, confiming the role of the Fas system in the regulation of immune rEsponses.
The Fas systern s also involved in liver damage resulting from hepatitis chronic
infectionand in autoimmunity in HIV-infected patients. The Fas system is also
involved in T-cell destruction fu HIV patients. TRAIL, another member of this family,
also seems to be involved in the death of a wide variety of ransformed cell fines of
diversé origin. :

CD40-L, another member of the TNF family, is expressed on T cells and induces
the regulation of CD40-bearing B cells. Furthermore, alterations in the CD40-L gene
resalt in a disease koown as X-linked hyper-IgM syndrome. The CD40 system s also
invoived in different autolmmune diseases and CD40-L, is known to have antiviral
propesties. Although the CD40 system is involved in the resoue of apoplotic B cells, in
now-immune celis it induces apoptosis, Many additional lymphocyte members of the
TNF family are also involved In costimulation, .

Genezally, the members of the TNF family have fundamentad regulatory roles in
controlling the immene system and activating acute hest defense systems. Given the:
current progress in manipulating members of the TNF famii): for therapeutic benefit, it
is likely that members of this family may provide upique means to contro] disease,
Some of the ligands of this family can direetly induce the apoptotic death of many

wansformed cells e.g. LT, TNF, Fas ligand and TRAIL (Nagata, 1997). Fas and possibly
13




TNF and £D30 recepitor activation can inducclcdl death in nontransformed
lymphocytes which may pléay an immunoregulatory funciion (Amakawa ¢t af,, 1996:
Nagata, 1997; Sytwu et al,, 1996; Zheng et af,, 1995). In general, death is trigpered
following u::.sggrcgaﬁon of death domains which reside on the cyloplasmic side of the
TNF receptors. The death domain orchestrates the assembly of various signat
transduction components which result in the activation of the caspase cascade (Nagatz,
1997). Some receptors lack canonical death domains, e.g. LTh receptor and CD3G
(Browning et al., 1996; Lee ot al,, 1996) yet can induce cell death, al.bcit more weakly.
3t is likely that these receptoss fimction primarily 16 induce cell 'djfferenﬁaﬁcn and the
death 35 an aberrant corisequence in some transformed cell lines, although this piehre is
unclear as studies on the CD30 null mouse suggest a death role in negative selection in
the thymus {Amakawa et al., 1996). Conversely, signaling throuph othar pathways such
as CD40 is required to maintain cell survival, Thus, there is 2 need to identify and
characterize additional molecules which are merobers of the TNF family therchy
providing sdditional means of controlling diszase and manipulating the immuae system,
Here we characterize the functional propesties of 2 paw ligand of the TNF
cysokine family. ‘The new ligand, termed BAFF (B cell activating factor belonging 1o
the TNF family), appears to be cxpresséd'by T cells and dendritic: cells for the purpose
of B-cell co-stimulation and ray therefore play an important role in the control of B .
cell function. In addition, we have generated transgenic inice overexpressing BAFF

under the control of a liver-spacific promoter. These mice have excessive numbers of

- mahure B cells, spontansous germinal ceniter reactions, secrete autpantibodies, and have

high plasma celi pumbers in secondary lymphoid organs and Ig deposition in the
Kidney.

SUMMARY OF THE INVENTION

Accordingly, the present invention is directed to the use of BAFF-ligands,
blocking agents and antibudies for the ligand, 1o cither stimulate or inhibit the growth of

7
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B-cells and the secretion of immunogiobulin. The claimed invention may be used for -
therapeutic applications in numerous discases and disorders, as discussed in more detail
below, as well es to obtain information sbow, and manipulate, the immune system and
ity prncc;sszs. Further, this invention can be used as & method of stimulating or
inhibiting the growth of B-cells and the secretion of immunoglobulins. BAFF
associated molecyles, as descrided by this invention, may also kave utility in the
ireatrent of mnoimmune diseases, disorders relating to B-cel!l profiferation and
maturation, BAFF ligand regulation and inflammation. The invention may be involved
in the regulation ar prevention of hyperiension and hypestension-related disorders of the
renal and carciovaseular tissue '

Additional features and advantages of the invention will be set forth in the
d:sm‘ﬁtion which follows, and in part will be apparent from the description, or may ba
lemmed by practice of the invention. The objectives and other advantages of the
inventior will be realized and antained by the methods particularly pointzd out in the

written description and claims hereaf, as well 2s in the appended drawings.

Thus, to achieve these and other advantages, end in accordance with the Pwpose
of the iavention, s embodied and broadly described herein, the invention includes a
method of affecting B-cell growth and secretion ofixnmunng}ohlﬂins through the
zdministration of various BAFF ligands and related molecules.

The invention also contemplates stirmulating Brcell growth through the use of ‘
BAFF lipands or active fragments of the ?o]y'pcpﬁds. The polypeptide may be use
alone o7 with a CD40 Ligand oran anﬁ-r;ml:iisa antibody.

In other embodiments, the invention relates 1o methods of stimulation of
dendritic cell-induced B-cell growth and matwration trough the use of BAFF kigands or
active fragments of BAFF. Again, the polypeptide may be used alone or with CD40
ligand ot mﬁ-T antibodies, .

. In other embodiments, blocking agents of BAFF and the BAF:F receplor have

been used to inkibit B-cell growth and immunoplobulin seeretion. These ageats can be




. inoperable, recombinant BAFF, BAFF spezific antthodies, BAFF-receplor specific
antibodies or an and-BAFF ligand molecule,

In yet other embodimants, the invention relates to the use of BAFF, BAFF
related moiecuies and BAFF blocking agents to weat hyperlension, hypenension related
disorders, immune disorders, autoimmune diseases, inflammation and B-celi lympho-
roliferate disorders.

The invention encompasses the use of BAFF arid BAFF -related molecules as
cither agenists or antaganists in effecting immune responses by effecting the growth
and/or maturation of B-cells and secretion of immunoglobulin.

The invention relates in other embodiments to snluble comstructs comprising
BAFF which may be used to direetly trigger BAi’F mediated pharmacological events.
Such events may have useful therspautic benefits in the treatment of cances, wmors or
the manipulation of the ifrmune system to treat immumologic diseases.

Additionally, in other embodiments the claimed invention refates to antibodies

dirceted against BAFF ligand, which can be used, for example, for the weatment of
cancers, and man.ipulat.ion of the immune system to treat in;munclagic disease.

In yet other embodiments the invention relates to methods of gens therapy using
the genes for BAFF.

The pharmaceutical preparations of the invention may, opticnally, include

LGl BRERELTOY

pharmaceutically acceptable carriers, adjuvants, fillers, or other pharmaceutical
. compasitions, asd may be administered in any 6f the mumerous forms or routss known
inthe art.

1tis to be nadersicod that both the foregoing general description and the
following detailed description are exemplary and explanatory, and arc intended to
provide further explanation of tlhc invention as claimed,

The accompanying drawings are included 1o provide a further understanding of
the invention, and are incorparated in, and constitute 3 part of this specification,
ilustrate several embodiments of the invention, and together with the description serve
to explain the principles of the nvention.
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DESCRIPTION OF THE DRAWINGS

Figure 1. {A) Fredicicd amine acid scquence of human and mousz DAFF. The
predicted ransmembrane domain (TMD, dashed fine), the potental N-fizked
glycosylation sites (stars) and the natural processing site of human BAFF (arrow) are
indicatzd, The double line 2bove HBAFF indisates the sequence obtained by Edman
degradation of the processed form of BAFF. (B) Comparison of (he extracellular protein
sequence of BAFF and some members of the TNF Hgand family. ldentical and
homologous residuss are represented in black and shaded boxes, respectively. {C}
Dendrogram of TNF family ligands

Figure 2. Characterization of recombinant BAFF (A) Schematic representation of
recombinant BAFF constructs. Soluble recombinant BAFFs starting at Leug, and Gla,y,
nte expressed fitsed 1o a N-terminal Flag tag and a 6 amino acid Jinker. The long form is
cleaved between Arg,,, and Aln,,, (arrow) in293 7 cells, 1o ).'icid a processed form of
BAFF. Asn,;, and Ay, belong to N-glycasylation conseasus sites. N-liaked glycan
present on Ashyy, i5 shown as & Y. TMD: tmpsmembranz domain, (B) Peptide N-
glycanzse F (PNGese F) treatment of recombinant BAFF. Concentratzd supesmatants
vontaining Flag-tagged BAFFs and APRIL were deglycosylmed and analyzed by
Westem blotting using polyclonal anti-BAFF antibodies or anti-Flag M2, as indicatad.
All bands except processed BAFF also reacted with anti-Flag M2 (data not shown), (C)
Full length BAFF is processed to a solubls form. 293T cells were transiently trapsfected
with full leagth BAFF. Trensfected celis and their concentrated supematants were
analyzed by Western blotting using polycional anti-BAFF antibodies. Supernatams
corresponding to 10 x the amount of calls were Ioaded onto the gel, (D) Size exclusion
chromatagraphy of soluble BAFF on Superdex-200. Concertrated supematants
containing soluble BAFF/short were fractionated on a Superdex-200 column and the
eluted fractions analyzed by Westera blotting using eaoti-Flag M2 amibody, The
migration poesitions of the molecular mass markers (in kDa) are indicated on the leR-

hand sidz for SDS-PAGE and at the top of the fgure for size exclusion chromatography,

1
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Figure 3. Expression of BAFF (A)Northem blots (2 pg poly A* RNA per lane) of
various human tissues were probed with BAFF antisense mRNA. (B) Reverse
transeriplase amplification of BAFF, IL-2 receptor alpha chain and actin from RNA of
purified blood T eells al various time points of PHA activation, E-rosetting negative
blood e2lls (B cells and monocytes), in virro derived immature dendritic eells, 293 cells,
and 293' eells suemilely transfected with-full Jeapth BAFF (203-BAFF). Control
amplifications were performed in the absence of added cDNA. IL-2 receptor glpha chain
was amplified a5 a marker of T cell activation.

Figure 4, BAFF binds to mature B cells. {A) Binding of seluble BAFF v BIAB and
Jurkat ex]l lines, and to purified CDI19*% cells of cord blood, Cells were stained with the
indirated amount {in ng/50 4sf) of Flag-BATF and analyzed by flow cytometry. (B)
Binding of soluble BAFF to PBLs. PBLs were stained with anti-CDB-FITC or with anti-
CDIS-FITC (borizontal axis) and with Flag-BAFF plus M2-biotin and avidin-PE
(vertical 2xis). Flag-BAFF was omitted in controls,

Figure 5. BAFF costimulates B cell proliferation, (A) Surface expression of BAFF in
stably transfected 293 cells. 293-BAFF and 293 wild-type cells were stained with ant-
BAFF mAb 43.9 and analyzed by fiow cytometry. (B) Costimulation of PBLs by 293.
BAFF cells. PBLs (16°/well) were incubated with 15.000 glutaraldehyde-fixed 293 cells
(293 wt o 293-BAFF} in the presence of absence of anti-B cell receplor antihody {anti-
). Fixed 293 cells alone incorperated 100 cpm. (C) Dose dependent costimulation of
PBL pmlif;:mﬁun by soluble BAFF in the presence of anti-p. Proliferation was
determined afies 72 h incubation by {*H]-thymidine incorporation. Contrals inelide
cells treated with BAFF elons, with heat-denatured BAFF or with an irrelevant isotype
matched antibody in place of anti-. (D) Comparison of {co)stimulatory cﬁ'ccrs of
sCD40L and BAFF op PBL proliferation. Experiment vias performed as described in
panel C. (E) BAFF costimulates Jg secretion of preactivated hurnan B cells, Purified
CD19% B tells were activated by cocultire with EL4 T calls and activated T cell
supernatants for 3-6 d, then re-isolated and cultured for another 7 days in the presence of
medium only (-) or containing 5% activated T cell supernatants (T-SUP) or a blend of
cytokines (-2, IL.-4, IL-10}, The columns represent means of Tg concéntratium for
exltures with or without | pgfnl BAFF. Means & SD i ferms of “fold increase” were

11




. 1232 0.11 for medinm only, 2.06 4 0.18 with T cell supematants (4 experiments) and
1,45 0,06 with [L-2, IL4 and IL-10 (2 experiments), Thes were performed with
peripheral blood (3 experiments) or card blood B cells {one experiment; 2.3 fold
inorease with T cell supematants, 1.5 fold iscrease with IL.2, 1.4 and IL-10). (F) Dase-
response curve for the effect of BAFF in coltures with T czll supematants, as shown in
pane] D, Mean + S0 of 3 experiments.

Figure 6. BAFF acts as a cofactor for B cell proliferation. The proliferation of buman
PBL was measured aons (500 cpm), with the presence of BAFE [igand alone, with the
presence of goat anti-murine (mu) 2lone, and with both BAFF ligand and anti-mu. The
.. combinstion of both anti-mu and BAFF significantly raised proliferation of PBL 2s the
' P concentration of BAFF increased suggestng BA..FF’S cofartor characteristics,
a

Figure 7. Increased B cell numbers in BAFF Tg mice.

(A) Increased lymphocytes counts in BAFF Tg mice, The graph compares 12 control
littermates (ieft panel ) with 12 BAFF Tg mice (right panel). Lymphocytes counts are
shown with circles and grenvlocytes (incluﬁing newtrophils, eosinophils, basophils)
with dizmonds. _ .

{B) Increased proportion of B cells in PBL from BAFF Tg mice. PBL ware stained
with both anti-B220-FITC and anti-CD4-PE for FACS enalysis and gated on live celis
using th:- forward sids scatter, Percentages of CD4 and B220 positive cells are
indicated. ©ne contol mouse (Jeft) and two BAFF Tg mice {right) are shown and the
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results were representative of 7 animals analysed in each group,
b {C) FACS analysis of the ratio of B to T cells in PBL. The difference between control
. animals and BAFF Tg mice in (A} and (C) was statisically significant (P<0.001),
’ (D) Inczeased MHC class 1 expression on B cells from BAFF Tg mice PBL.
'MHC class 11 expression was analysed by FACS.
(E) Increased Bol-2 expression in B cells from BAFF Tg mics PEL.
- Bel-2 expression was measired by intracytoplasmic staining and cells were analysed by
FACS. '
In botk (D) and (E) Live calls were gated on the forward side scatter. Four control
linermates {white bars} and 4 BAFF Tp mice are shown aud are representative of at
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least 12 animals snalysed for each proup. MFI: mean of fluorescence intensity, The
difference between control animals-and BAFF Tg mice was statistically significant
(P<0.005). -

(F) Increased expression of effector T cells in BAFF Tg mice, PBL ware stained with
anti-CD4-Cychrome, sti-CD44-FITC and anti-L selectin-PE. Are shown CD4"-gated
cells. Pescentages of CD44"/L-selectin® cells are indicated. One control mouse (left)
and two BAFF Ty mice (right) are shown and the results wers representative of §

animals analysed in cach group.

Figure 8. Increased B ccli compartments in the splesn bt not in the bon: marrow of
BAFF Tg mice,

(A) FACS staining for mature B cells using both anti-IgM-FITC and anti-B220-PE, in
splest {top panel), bone marrow (medium panel} and MLN {botiom panel). Percentages
of BR(HTgM+ mature B cells are indicated.

{B) FACS staining for preB cells (B220+/CD43-) and proB cells (B220+/CD43+4) in the
bope marrow wsing anfi-CD43-FITC, ant-B220-Cy-chrome and anti-lgM-PE
simultaneously. Are shown cells gated on the IgM negative population. Percentages of
preB eclls (B220+/CD43-) and proB celis (B220+/CD43+) calls are indicated.

Far all figures (A and B) one control mouse (lef) and two BAFF Tg mice {right) are
shown and results are representative of 7 animals analysed for each group.

Figwe 9. lncreased Ig, RF and CIC levels in BAFF T mice

(4) SDS-PAGE of two control sera {-) and 4 sera from BAFF Tg mics (*) side by side
with the indicated amount of a purified meuse IgG for refrence. The intensity of the
albumin band in similar in all lanes indicating that the material loaded op the gl is
equivalent for each sample, )

ELISA-based mnalysis of total mouse Ig (B), RF (C) and CIC (D) in the sera of 19
control littermates (white bars) and 21 BAFF Tg mice (Black bars). In the absence of a
proper RF contol, the titer (log base 2) for RF is defined as the dilution of the sem
giving an 0.D. 3 times higher than that of background. The guantity of CIC is defined
as the quanlity of PAP.required to gencrate a0 O.D, equivalent to that obtained with the
tested serum. The difference between control animals and BAFF Ty mice was
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stetistically significant (P<0.001 in (B} and (C), P<0.003 in (D)) .

Figure 10. Presence of anti-ssDNA and anti-dsDNA antoantibodies in seme BAFF Tg
mice, .

(A} Analysis by ELISA of anti-ssDNA autoantibodies in 19 control littermates (gray
bars) and 21 BAFF Tg mice (black bars).

{B) Analysis by ELISA of anti-ssDNA autountibodies in § contral ltermates and the 5
animals showing Jevels of anti-ssDNA autoantibodies fom (A).

(C) Paraffin sections of kidneys from 2 control mouse (left) and a BAFF Tg mouse
{right), stained with goat anti-mouse Ig-HRP. Ig deposition s shown by a brown
staining. These pictures are representative of 6 BAFF Tg mice analysed.

Figure 11. Enlarged Peyer's patches in BAFF Tg mice.

Photography of Peyers patches {indicated with an amow) on the smal] intestine of a
control mouse {left) and 2 BAFF Tg mouse (right). This pictures is representative of at
feast 12 mice sacﬁ’ﬁccd for cach group. Magnification 5X

Figure 12. Disrupted T and B cell organization, intense germinal center reactions,

dezareased number of dendritic cells and increased aumber of plasma cells iu the spleen

" of BAFF Tg mice.

A control mouse is shown in A, C, E and G and a BAFF Tg in B, D, F, and H. B cells
aze blue and T eells brown (A and B). Germinal ceaters are shown with an amrow (C
and D). Only few residval germinal centers are seen in control mice (C). CDilc

positive dendritic cells are brown and appear in the T celi 2one, bridging chanmels-and -

the marginal zone (E). Very few are present in BAFF Tg mice (F). Syndecan-1-
;iusitivn plasma cells wers only detectable in the red pulp of BAFF T mice () but not

control mice {G3).
These pictures are representative of at least 12 BAFF Tg mice analysed and 12 control

mice. The magnification is 100X for all pictures except C and I which ars SOX.
B: B cell follicle, T: PALS, WP: white pulp, RP: red pulp.
Figure 13. Disrupted T and B cells organization, infense perminal center reactions and
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large number of plasma cells in the MLN of BAFF Tg mice,

The control mouse is shown in A, C, E and G and the BAFF Tg mouse is shown in B,
D, F, and H. The immunchistochemistry was performed as deseribed in figure 6. T and
B cell staining is shown in A and B, germinal centers in C and DY, dendsitic cells E and F
and plasma cells in G aod H. GC: germinal center. Magnification 1004,

DETAILED DESCRIPTION OF THE INVENTION

Reference will now be made in detail to the present preferred embodiments of
the invention. This invention relates to the use of BAFF and BAFF related molecules to
effect the growth and maturstion of B-cells and the secretion of immunoglobulin, The
invention relates to the uss of BAFF and BAFF related molecules to effect rasponses of
the immune system, 25 necessitated by immune-refated diserders. Additionally, this
invention encomprsses the treatment of cancer and Immune disorders tirough the use of
a BAFF, or BAFF related gene through gens therapy methods,

The BAFF ligand and homologs thereof produced by hosts transformed with the
sequences of the invention, as wzll as native BAFF purified by the procssses known in
the art, orpmdnoas! from known aminn acid s:qu:ncés, are useful in a varisty of
mathods for anticancer, antitumor and immunoregulatory applications. They are also
usefil in therapy and methods directed to other diseages,

Another aspect of the invention relates o the use of the polypeptide encoded by
the isolated nucleic acid encoding the BAFF-ligand in “antisense™ ﬁ;mpy. As used
herein, “antisense” lh:rﬁpy refers to administration or in sifw generation c;f
oligonucientides or their derivatives which specifically hybridize undar cellulay
conditions with the cellular mRNA and/or DNA encoding the ligend of interest, 50 as 1o
inhibit expression of the encoded protein, .. by inhibiting transcription and/or
translation. The binding may be by copventional base pair complementarity, or, for

example, in the case of binding to DNA duplexes, through specific interactions in the
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major groove of the double helix. In general, “antisense” therapy refers to a rangz of
techniques penerally employed in the art, and includ;:s a.ng; therapy which relies on
specific binding to oligonuclectide sequences.

. An anlisense constrict of the presant nvention can be deliversd, for crample, as
an expression plasmid, which, when transeribed in the cell, produces RNA which is
complementary to at least 2 portion of the cellular mRNA which encodes Kay-ligand.
Alternatively, the antisense construct can be an oligonuclentide probe which is
generated ex vive. Such oligonuclestide probes are preferably modified
oliponucleotides which are reststan! (o endopenous nucleases, and are therefor stable in
vivo. Exemplary nucleic ecids moleéules for use as antisense ofigonucleotides are
phosphoramidates, phosphothioate zad methylphosphonate analogs of DNA (See, ep.,
5,176,996; 5,264,564; and 5,256,775). Additionally, geoeral approaches to constructing
oligomers usefis} In antisense therapy have betn reviewed, for example, by Van Der
Kol et al., (1988) Biotechniques 6:958-576; and Stein et af. (1988) Canter Res 48;
2659-2658, specifically incorperated herein by reference.

C. BAFF-LIGAND
The BAFF-lgand of the invention, as discussed above, is a member of

the TNF family. The protsin, fragments or homologs thereaf may have wide !h:rapcuticl

and diagnostic applications.
The BAFF-ligand is present primarily in the spleen and in peripberal blood

_lymphocytes, strongly indicating a regulatory role in the immune system. Comparison

of the claimed BAFF-ligand sequences with other mernbers of the human TNF family
reveals considerable structural similarity. All the protoins share sevar;z! regions of
sequence conservation in the extraceliuler domain, '

Although the precise three-dimensional structure of the claimed ligand is not
known, itis predicted that, es a member of the TNF family, it may share certain
structural characteristics with ather members of the family.

The novel polypeptides of the invention specifically interact with a recepor,
which has not yet been identified. However, the peptides and methods disclosed hermin
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. . enable the identification of receptors which specifically interact with the BAFF-ligand
or fragments thereof. ‘
_ The claimed invention in certain embadiments includes methods of using
peptides derived from BAFF-ligand which have the ability to bind to their receplors.
Fragments of the BAFF-ligands can be produced in several ways, e.g., recombinandy,
by PCR, proteolytic digestion or by chemical synthesis. Internal or terminal fragments
of a polypeplide can be generated by removing ane of more pucleotides frorm one end or
both ends of a nucleic acid which entodes the polypeptide. Expression of the .
mutagenized DNA produces polypeptide fragments. _
Polypeptide fragments can also be chemically synthesized using tzchniques

. a known in the art such as conventional Merrifteld solid phase f- moc or t-boc chemistry.
E_‘ . For example, peptides and DNA sequences of the present invention may be arbitrarily
15 divided into fragments of desired length with no overlap of the fragmeat, or divided into
;:13 overlapping fragments of a desired Jength. Methods such as thase are described in more
it tetail balow,

Genperation of Soluble Forms of BAFF‘Iigami

Soluble forms of the BAFF-ligand can often signal effectively and hence can be
administered a5 & dreg which now mimics the natural membrane fm"m. It is possible

that the BAFF-ligand claimed herein are natwally seczeted as soluble cytokines,
hoW:»jcr, if not, one can reengineer the gens to force secretion. To create a soluble
secreted form of BAFF-ligand, one would remove at the DNA lavel the N-terminus
transmembrane regions, and some portion of the sialk region, and replace them with a
type I leader or altematively a typs 1 leader sequence that will allow efficient
proteolytic cicavaéc in the chosen expression system, A skilfed artisan could vary the
amount of the stalk regian retained in the secretion expression construct to pptimize
both receptor binding properties and secretion efficiency. For example, the constructs
centaining all possible stalk lengths, i.e, N-termina! trancations, could be prepared such
that proteins starting at amino seids 81 1o 139 would result. The optimal length stalk

seqquencs would result from this type of analysis.
11
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E Gm:@ﬁun of Antibodies Reactive with the BAFF-ligand

The invention also inciudes antibodies specifically reactive with the claimed
BAFF-ligand or its receptors. Anti-protein/anti-peptide antisera or monoclons!
antibodies can be made by standard protocols (See, for example, Antibodies; A
Laboratory Marual ed. by Harlow and Lane {Cold Spring Harbor Press: 1988)), A
manunal such 2s-8 mouse, 3 hamster or rabbit can b immunized with an immanogenic
form of the peptide. Techniques for conferring immunogenicity on a protein or peptide
include conjugation tobca:ﬁcrs, or other techniques, well khown in the art,

- Animmunopenic portion of BAFF-ligand or its receptors can be administered in
the presence of an adjuvant. ‘The progress of immunization can be monitored by
detzction of antibody titers in plasma or szrum. Standard ELISA or other
immmoassays cag be used with the immunogen 25 antigen to assess the fevels of
.ants'badics. .

In a preferred canbodiment, the subject antibodies are immunospecifie for
antigenic determinants of BAFF-Jigand or its receptors, 2.2, anligenic determinants of a
polypeptide of SEQ. ID.NO.: 2, ora closely re!ated hurnan or non-humin mammalian
homolog {z.g. 7, 80 or 90 percent homologous, more praferably at least 95 percent
homolegous). In yet'a furthier preferred embodiment of the present invention, the ant-
BAFF-ligand or anti-BAFF-ligand-receptor antibodies do not substantially eross react
(i.e. react specifically) with a protein which is ¢.g., less than 80 percent bomolopons to
SEQ. ID. NQ. 2 or 6; preferably less than 90 percent homologous with SEQ. ID. NO.: 2;
and, most prefembly less than 55 percent homelogous with SEQ. ID. NO.:2. By "not
substantially cross react”, it is meant that the antibody has a binding afﬁni_!y for 2 no-
homolegous protein which is less than 10 percent, more preferably less than § percent,
and even more preferably less than I percant, of the bindiog affinity for a protein of
SEQLHL.ND.2,

The term antibody as used kerein is intended to include fragments thereof which
are also specifically reactive with BAFF-ligand, or its recepiors. Antibodies cen be
frogmeénted using conventional technigues and the fragments screened for utility i the
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same manner as described above for whole antibodizs, For example, E{ab?), fragments

can be generated by treating antibody with pepsin. The resulling F{ab’), fragment can

be treated to reduce disulfide bridges to produce f’ab‘ fragments. The antibodies of the
present invention are further intended to inciude biospecific and chimeric molecules
having anti-BAFF-lgand or anti-BAFF-ligand -receptor sctivity. Thus, both
monqcinnai and polyclonal antibodies (Ab) directed apainst BAFF-ligand, Tumor-
ligand and their receptors, and antibody fragments such as Fab’ and F(ab"),, can be used
to biock the action of the Ligand and their respective receptor,

Various forms of antibodies can also be made using standard recombinan DNA
techniques. (Winter and Milslein, Nature 349: 293-299 (1991) specifically incormparated
by reference herein.) For example, chimeric antibodies éan be constructed in which the
antigen binding domain from an animal antibody js inked ‘lo 2 human constant domain
{e.g. Cabilly et al., U.S, 4,816,567, incorporated herein by reference). éﬁmnﬁc
antibodies may reduce the observed immunogenic responses-elicited by aniroal
antibodies when used in nman clinical weatments.

In addition, recombinant “humanized antibodies” which reengnize BAFF-ligand
or its receptors can be synthesized. Humanized antibodies are chimeras comprising
mostly human IgG sequences into which the regions responsible for specific antigen-
binding have been inserted. Animals are immunized with the desired antigen, the
corresponding antibodies are isn!ale;l, and the portion of the variable region sequences
responsible for specific antigen bindiﬁg are removed. The animal-derived antigen
binding regions are then cloned into the appmpr{al: position of human antibody penes
in which the antipen binding repions bave been deletsd. Bumanized antibodies
minimize the use of heterologous (i.e. inter species) sequences in human antibodies, and
thus are less likely ta eficit immune .responszs in the treated subject,

Construction of different classes of recombinant antibodies can also be
accomplishcd' by making chimeric or humanized antibodies comprising variable
domains and human constant domains (CH1, CH2, CH3) isolated from differsnt classes
of immuneglobulins. For example, antibodies with increased anligen binding site
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~valencics can be recombinently produced by cloning the amigcn'bindjng sitz into
vectors carrying the human : chain constant regions. (Arudanandam et al., J. Exp. Med,,
177: 1439-1450 (1993}, incorporated herein by reference.)

In adéit_inn, standard recombinant DNA techniques ean be used to alter the .
bindi:ig affinities of recombinant antfbodies with their antigens by altering amino acid
residues in the vicinity of the antigen binding sites. The antigen binding affinity of 2
humanizzd antibedy can be increased by mutagenesis based on molecular modeling,
(Quezn et al,, Proc. Natl. Acad. Sci. 86: 10029-33 (1989) incarporated herein by
reference., )

F. Generation of Analops: Production of Altered DNA and Peptide Sequences

Analogs of l.he BAFF-ligand can- differ from the naturally occurring BAFF-

ligand in zmino acid sequence, or in ways that do not involve sequence, or both. Non-
sequence modifications include in vive or in vitro chemical derivatization of the BAFF-
ligand. Non-sequence modifications include, but are not fimited 1o, changes in
acetylation, methylation, phosphorylation, carboxylation or glycosylation.

Preferred analogs include BAFF-lipand biologically active fragments thereof,
whose sequences differ from the sequence given in SEQ. IO NO. 2, by one oF more
conservative amino acid substitutions, or by one or more non-conservative amino acid
substitutions, deletions or insertions which do not abolish the activity of BAFF-ligand.
Constrvative substitutions typically include the substitution of one amine acid for
another with similar characteristics, e.g. substintions within the following groups:
valine, plycine; glycine, alanine; valine, isoleucine, leucine; aspstic acid, plutamic acid;
nlspa:agh::, glutamine; sexine, thx:onin;:; lysine, arginine; and, phenylalanine, tyrosine,

G. Materiala and Metheds of the Invention

The anfi-Flag M2 monocional antibody, biotinylated anti-Flag M2 antibody and
the anti-Flag M2 antibody coupled to agarose were purchased from Sigme. Cell colture
reagents were obtained fom Life Sciences (Basel, Switzerland) and Biowhittaker
{Walkersville, MD). F!ag-:aggéd soluble human APRIL (residues KoL,y was
produced in 293 cells as described (10, 11}, FITC-labeled anti-CD4, 2nti-CD8 and anti-
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CD19 antibodies were purchased from Phermingen (San Diege, CA). Goat F(ab),
specific for the Fc,, frapment of human 1gM were purchased from Jackson
ImmunoResearch (West Grove, PA). Secondary antibodies were obtained from either
Pharmingen or from Jackson ImmuneResearch and used at the recommended ditutions,

Hurnan embryonic kidney 293 T (12} cells and fitroblast cell lines (T ahiP; 3]
were maintained in DMEM containing 10% heat-inactivated fetal calf serum (FCS),
Human embryonic kidney 293 cells were maintained in DMEM-nutrient mix F12 (1:1)
supplernented with 2% FCS. T cell lines, B cell lines, and macrophage colf lines (Table
1y were grown in RPMI supplemented with 10% FCS. Molt-4 celis were cultivated in
Iscove’s medium supplemented-with 10% FCS. Epithelial cell lines were grown in
MEM-alpha medium containing 10% FCS, 0.5 mM non-essential amino acids, 10 mM
Na-Hepes sod 1 mM Na pymuvate, HUVECs wers nmintained in M199 medium
gupp!emcnted with 20% FCS, 100 pp/mt of epithelial cell growih factor (Collaborative
Research, Inolech, Dotﬁ}cnn. Switzerland) and 100 pp/ml of heparin sodium salt
{Sigma). A} media contained penicillin and streptemycin antibiotics. Peripheral blood
Teukocytes were isolated from beparinized blood of healthy adult volunteers by Ficoll-
Paque {Pharmacia, Ugppsala, Sweden) gradient czntrifugation and cultured in RPM],
0% FCS.

T cells were obtained from non-adherenzs PBLs by rosetting with
neurzminidase-treated sheep red blood cells and separated from non-rosettieg cells
{mostly B cells and movocytes) by Ficoll-Paque gradient contrifupation. Purified T calls
were activated for 24 b with phytohemagglutinin (Sigma) (1 pe/ml), weshed znd
cultured in RPMI, 10% FCS, 20 Wml of IL-2. CD14* monocytes were pwified by
magnetic cell sorting using an-CD14 antibodies, goat anti-mouse~coated microbeads
and a Minimacs™ device (Miltenyi Biotec), and cultivated in the presence of GM-CSF
{800 Uiml, Leucomax®, Essex Chemiz, Luzern, Switzerland) and IL-4 20 ng/ml,
Lucama Chers, Luzern, Switzerland) for 5 d, then with GM-CSF, TL-4 and
TNFOO(200 U/ml, Bender, Vienna, Austia) for an additional 3 d to abtain a CD83™,
dentritic ezll-like population. Human B cells of >97% purity were isolated from
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peripherat blood or umbilical cord blood using anti-CD19 magnetic beads (M450,
Dynal, Oslo, Norway) as described (13).

- Northern Blof Analysis

Northern blot asalysis was caried out using Human Muliiple Tissue Northern
Blots ] and T (Clontech #7760-1 and #7759-1). The membranss were incubatedin |
bybridization solution (50% formamide, 2.5 x Denhardt’s, 8.2% SDS, 10 mM EDTA, 2
 SSC, 50 raM NaF,PO,, pH 6.5, 200 g/ somicated salmon sperm DNA) for 2 h at
60°C. Antisense RNA probe containing the mucleotides correspanding to mmine acids
136-285 of ABAFF was heat-denatured and added at 2 x106 cpm/m) in fresh _
hy‘aﬁdiaﬁﬁn solution. The membrane was hybridized 16 h at 62°C, washed oncein 2 x
SSC, 0.05% SDS (30 min at 25°C), once in 0.1 x SSC, 0.1% SDS (20 mis at 65°C) and
exposed at -70°C to X-szy films,

- Characterizatior: of BAFF cDNA.

A partial scqiicncc of human BAFF cDNA was coptained in several EST clones
{e. g GenBank Accession numbers T87299 and AA166695) derived from fetal liver and
spleen and ovarian cancer Bbraries. The 5' portion of the cDNA was obtained by 5*
RACE-PCR (Marathon-Ready cDNA, Clonztech, Palo Alto, CA) amplification with
olionuclestides AP1 and JTI013 (-ACTGTTTCTICTGGACCCTGAACGGE-1)
using the provided cDNA libravy from a pool of human lenkecytes as template, 2s
recommended by the manufacturer, The resutting PCR product was cloned inte PCR-0
blunt {(Invitrogen, NV Leek, The Netherlands) and subcloned 25 EcoRUPst] fragment
into PT7T3 Pac vector (Pharmacia) containing EST clone T87299, Full-length hBAFF
cDNA was th:m{nn: obtained by combining 5 a;xd 3 frapments wsing the internal Pstl
site of BAFF. Seguance has been assigﬁed GenBank acces.sion number AF116456,

A partial 617 bp sequence of murine BAFF was contained in two overlapping
EST clones (AA422749 and AA254047). APCR iﬁgm:nt spanning sucleotides 158 to 7
351 of this sequence was used as a probe 1o screen a mouse spleen cDNA lbrary
(Stratagene, La Jolla, CA).

- Expression of recombinant BAFF
i
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Full length hBAFF was amplified using oligos JT1069 {5-
GACAAGCTTGCCACCATGGATGACTCCACA-I) and JT637 (5-
ACTAGTCACAGCAGTITCAATGC-3). The PCR product was claned into PCR-0
blunt and re-subcioned as HindIiVEcoRI fragment into PCR-3 marnmaiian expression
veetor, A short version of scluble BAFF (amin acids Q136-L285) was ampliﬁu'i using
oligos JT636 (S“CTGCAGGGTCCAGAAGAAACAG-3) and JT637. A Jong version
of saluble BAYF (aa L83-1.285) was obtained from full length BAFF using internal Pst)
sitz. Seluble BAFFs were resubcloned as Psti/EcoR] fragments behind the
baemaglutinin signal peptide and Flag sequence of a medified PCR-3 vector, and as
Psti/Spel fragments into a medified pQE16 bacterial expression vector in frame with 2
N-terminal Flag sequence (14), Constructs wese sequenced on both strands. The
establisiument of stable 293 cell lines expressing the short soluble formn or full length
BAFF, and the expression and purification of recombinant soluble BAFF fom bacteria
and mammalian 293 cells was performed as deseribed (14,15)

- Reverse Trapscriptase PCR

Total RNA extracted fom T cells, B eells, in vitro derived immature dendritic
ctlls, 293 wt and 293-BAFF (full length) cells was reverse transeribed using the Rzady
0 Go system (Pharmaciz) according 1o the manufasturer’s instructions. BAFF and p-
actin cDNAs were detected by PCR amplification with Tag DNA polymerass (steps of
min each 2;194"‘(:, 55°C and 72°C for 30 cycles) using specific oligonucieotides: for
BAFF, JT1322 -GGAGAAGGCAACTCCAGTCAGAAC-Y and JT1323 5-
CAATTCATCCCCAAAGACATGGAC-3', for IL-2 receptor alpha chain, JT1368 5'-
TCGGAACACAACGAAACAAGTC-3" and JT1369 5°-
ulu CCT LLAu..n:GAAACTGACTé-S'; for B-actin, 5*~
GGCATCGTGATGGACTCCO-3' and 5-GCTGGAAGGTGGACAGLGA-Y',

- Gel pemmeation chromatagraphy
293T cells were transiently transfected with l'hc short form of soluble BAFF and
grown in serum-free Optimem medium for 7d. Conditionned supernatants were -
concentrated 20 x, mixed with intemal standards catalase and ovalbumin, and loaded
3
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onto a Superdex-200 HRIOAE colunn, Proteins were ehuted in PBS at 0.5 mUmin and
fractions (0.25 ml) were precipitated with trichloroacetic acid and analyzed by Wr:.;tcm
blordng using anti-Flag M2 antibody. The column was calibrated with standard
proteins: ferritin {449 kDa), catalase (232 kDa), aldolase (158 kD), bovine serum
albumine (67 kDa), evalbumine {43 kDa}, chymotrypsinogen A (25 kDz) and
vibonuciease A (13.7 kDa).

- PNGase F treatment

Samples were heated in 20 yl of 0.5% SDS, 1% 2-mercaptoethano! for 3 min at
95°C, then cooled and supplemented with 10% Nenidet P40 (2 pl), 0.5 M sodium
phosphatz, pH 7.5 {2 pi) and Peptide N-giycanase F (125 units/pl, 1 pd, or no enzyme io
contrels). Samples were incubated for 3h at 37°C prior 1o analysis by Western blotting.

- EDMAN seguencing

293 T cells were transiently transfected with the Jong form of soluble BAFF and
grown in serum-frez Optimem medium for 7 d. Conditioned supernatants were
concentrated 20 x, fractionated by SDS-PAGE and blotted onto puiyvinylid:ne
difluoride membrane (BioRad Labs, Hercules, CA) as previously described (16), and
then sequenzed using a gas phase‘séqmcer (ABT 1204, Perkin Ebmer, Foster City, CA)
coupled to an analyzer (ABI 1204, Perkin Elmer) equipped with a phenylthichydanioin
C182.1 x 250 mm celumn. Data was analyzed using software AB] 610 {Perkin Elmer).

- Antibodies

Polyclonal antibodies were penerated by immunizing rabbils @ogent:c,

. Seraing, Belpium} with recornbinant soluble BAFF. Spleen of rats immunized with the

same antigen were fused 1o x63Ag8.653 mouse myeloma cells, and hybridoma were
sereened for BAFF-specific IgGs. One of these monoclonal antibodies, 43.9, is an
1gG2a that specifically recognizes RBAFF.

Cells were stained in 50 ul of FACS buffer (PBS, 10% FCS, 0.02% NaN,) with
50 ng {or the indicated amount) of Flag tagged short soluble IBAFF for 20 min at 4°C,

followed by mti-Flag M2 (] pg) and secondary antibody. Anti-BAFF mAb 43,9 was
4
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used at 40 ug/ml. For twe color FACS analysis, peripharal blood lymphocytes were
stained with Flag tagged soluble BAYF/long {2 ug/ml), followed by biotinylated anti-
Flag M2 (1/400) and PE-labeled streptavidin (1/100), foltowed by cither FTTC-labeled
anti-CD4, anti-CD3 or enti-CD19,

- PBL proliferation sssiy

Peripheral blood leukocytes were incubated in 96-well plates (10 calisfweli in
109 pl RPMI supplemented with 10% FCS) for 72 b in the presence or absence of 2
pgfml of goat anti-human p chain antibody (Sigma) or control F(ab?), and with the
indicated concentration of native or beiled soluble BAFF/long, Cells were pﬁlséd foran
additiona! § h with PHjihymidine (1 pCifwell) and barvested. PH)thymidine
incorporation was monitored by liquid scintilation counting. In some experiments,
recombinant soluble BAFF was replaced by 293 cells stably transfected with fulf Jength
BAFF (or 283 wt as control) that had been fixed for Smin 21 25°C in 1%
paraformaldeyde. Assay was performed as described (17). In further experiments,
CD19* cells were isolated form PBL with magnetic beads and the rernaining CDIS .
cells were jrradiated (3000 rads) prior to reaconéitution with CD19™ cells. Proliferation
assay with sSBAFF was then parformed as described above,

~ B cel} activation assay .

Purified B cells were getivated in the EL-4 cuiture system as deseribed (13),
Bri-:ﬂy, 16" 8 cells mixed with 5 x 10" irradiated murine EL4 thymema cells {elone
B5) were cultured for 5-6 d in 200 pl medium containing 5% viv of culture supematants
from human T cells (10%ml) which had been activated for 43 h with PHA (1 pg/ml) and
PMA {1 ng/mi). B cells were then reisolated with anti-CD19 beads and cultured for
another 7 (5 x $0' cells in 200 pi, duplicate or triplicate culture in fiat bottomed 96
well piates) in medium alone or in medium supplemented with 5% T cell superaatants,
ot with 50 ng/ml IL-2 (a kind pift from the former Glaxo lnstitute for Molecular
Biology, Geneva) and 10 ng/m! each 1.4 asd IL-10 (Peprotech, Loadon, UKD, in the
presence or absence of SBAFF. The anti-Flag M2 antibody was added at & contentration
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of 2 pg/ml and had no effect by jiself, 1gM, JpG and IpA in cultuse supernatants were
quantitated by ELISA assays as deseribed (13), .
Human BAFF was identified by sequence bomology as a possible oovel
member of the TNF ligand family while we sereened public databases using an
improved profile search (18). A cDNA entoding the complete protein of 285 amino
acids (as) was oblained by combining EST-clones {covering the 3° region) with a
fragment (5 region) amplified by PCR. The absence of a signal peptide suggested that
BAFF was atype T membrane protein that is typical of the members of the TNF-ligand
family. The protein has » predicted cytoplasmic domain of 46 aa, 3 hydrophabic
transmembrane region, and an extracellular domain of 218 aa coataining two potential
N-glycosylatioa sites (Fig. 1A). The sequence of the extracellular domain of BAFF
shows highest homology with APRIL (33 % amino acid identities, 48% homology),
whereas the identity with other members of the family such as TNF, Fask, LTa,
TRAIL or RANKL is balow 20% (Fig. 1B, C). The mause BAFF cDNA clone isolated
from a spleen library epcoded a slightly longer protein (309 aa) dus 1o an insertion
between the transmembrane region and the first of several B-strands whick constinge
the rezeptor binding domain in all TNF ligasd members (19), This p-strand rick
cctodomein is almest identical in mouse and hamm BAFF (86% identity, 93%
homology) suggesting that the BAFF gene has been highly conserved during cvolution
{Fig. 1A). )
Although TNF family members are synthesized as membrane inserted ligands,
cleavage in the stalk region betwesn ransmembrane and.rcccptor binding domain is
frequently observed. For example, TNF or FasL are readily cleaved fom the cell
surface by metalloprateinacas (20, 21). While producing several forms of recombinant
BAFF in 293T cells, we noticed that a recambinant soluble 32 kDa form of BAFF (aa
£3-285, sBAFF/long), containing the coroplete stalk region and a N-terminzl Flag-tag in
addition fo the receptor binding domain, was extensively processed to a smaller 18 kDa
fragment (Fig. ZA, B). Cleavage occurred in the stalk region since the fragment was
detectable only with antibodies raised against the complete receptor interaction domain
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of BAFF but not with arti-Flag antibodies (data not shown). Also revealed was that
onty N124 (located in the stalk) but not N242 (lotated at the entry of the F-B sheef) was
glycosylated, since the molecuiar mass of the non-processed sSBAFF/long was reduced
from 32 kDa 1 30 kDa upon removal of the N-linked carbohydrates with PNGase F
whereas the 18 kDa cleaved form was insensitive 1o this reatment.  Peptide sequence
analysis of the 18 kDa fragment indeed showed that cleavage oecumred between R133
and A134 (Fig. JA). R133 lizs at the end of a polybasic region which is conserved
between buman (R-N-K-R) and mouse (RN-R-R). To test whether cleavage was not
mcl_'ely an artifact of expressing soluble, nos-natural forms of BAFF, membrane-bound
full length BAFF was expressed in 2937 calls (Fig. 2C). The 32 kDa complete BAFF
and some higher moleeular mass species (probably comesponding to non-dissociated
dimers and wimers) wete readily detetiable in celiular extracts, but more thag 95% of
BAFF recovered fom the supernatant corresponded o the processed 18 ¥Da form,
indicating that BAFF was also processed when synthasized as a membrane-bound
ligand.

A soluble BAFF was engineered (Q136-L285, sBAFF/short) whose sequence
started 2 oo downstream of the processing site (Fig. 1B). As predicted, the Flag-tag
attached to the N-terminus of this recombinant molecule was not removed (data not
shown) which allowsd its pusification by an anti-Fiag affinity column. Totest its
correct folding, the purified sBAFF/short was analyzed by gel Sliration whers the
profein eluted at an apparent molecular mass of 55 kDa (Fig. 2D). The sBAFF/shon
correstly assembles into a homotimer (3 x 20 kDa} in agresment with the quaternary
struclure of other TNF family members (19). Finally, unprocessed sBAFF/long was
readily expressed in bacteria, indicating that the cleavape event was specific to
eukaryotic cells, )

Northern blot analysis of BAFF revealed that the 2.5 kb BAFF mRNA was
abundant jn the splesn and PBLS (Fig. 3A). Thymus, heart, placenta, small intestine
ant Jung showed weak expression. This restricted disiribution suppested that celis
present in Iymphnﬁ tigsues were the main source of BAFF. Through FCR analysis, we
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found that BAFF mRMNA was present in T cells and peripheral blood monocyte-derived
dendsitic cells but net in B cells (Fig. 3B). Even nalve, non-stimulated T czlls appeared
{p express some BAFF mRNA.

A sequence tagged site (STS, SHGC-36171) was found in the database which
included the human BAFF sequence, This site maps to human r.l;mmosomc 13,ina
9cM interval between the markers 3135285 und [H3S1313. Op the cytogenetic map,
this interval corresponds to 13g32-34, Of the known TNF ligand family members, only
RANKL (Trance) has been localized to this chromosome (22) though guite distant to
BAFF (13q14).

' In osder for the ligand to exert maximal bivlogical effects, it was likely that tbe
BAFF receptor (BAFF-R) would be expressed either on the same calls or on
neighboring eells present in lymphoid tissuss. Using the recambinant SBAFF as a teol
10 specifically deteymine BAFF-R expression by FACS, we indeed found high levels of
receptor expression in various B cell fines such as the Burkitt lymphomes Raji and
BIAB (Fig. 4A, Table 1), In contrast, cell fines of T cell, fibroblastie, epithelial and
eadothelial origin were all negative: Very weak staining was observed with the
‘monou:yiz line THP-1 which, hewever, could be due to Fe receptor i:inding. Thus,
BAFF-R expression appears to be restricied to B cell fines. The two mouse B cell lines
tested were pegative using the human BAFF as a probe, although weak hinding was
observed on mouse splenocytes {data not shown). The presence of BAFF-R on B‘ cells
was corroborated by analysis of umbilical cord and peripheral blood lymphocytes.

" While CD8F and CD4* T cells Jacked BAFE-R (Fig. 4B and data not shown), abundant

stainiog was ohserved on CD19* B cells (Fig. 4A and 4B), indicating that BAFF-R is
expressed on all blood B cells, including naive and memory ones.

Since BAFF bound to blood-dzrived B cells, experiments were performed to
determine whether the Egand could deliver growth-stimulatory or -inhibitory signals.
Peripheral blood lymphocytes (PBL) were stimulated with anti-JgM (p) antibodies
topether with fixed 293 cells stably expressing surface BAFF (Fig. 5A). The Jevels of
PH]thymiding incorporation induced by anti-p alons was not altered by the presence of
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contro} cells but wes increased two-fold in the presence of BAFF-transfected cells (Fig.
5B). A dose-dependent proliferation of PBL was alse obtained when BAFF-transfected
cells were replaced by purified SBAFF (Fig. 5C), indicating that BAFF does not require
membrane attachment to exent its activity. In' this experimental setup, proliferation
induced by sCD40L required concentrations cxeeeding | pg/mi but was less dependent
on the presence of anti-p than that mediated by BAFF (Fid. SD). When purified CD19+
B celis were co-cultured with irradiated autolopous CD19~ PBL, costirmulation of
proliferation by BAFF wes unaffected, demonstrating that ["Hjthymidine uptake was
mainly due to B cell proliferation and ot to en indirect stimulation of another cell type
(data not sheown). The observed B cell proliferation in response to BAFF was entirely
dependent on the presence Df anti-p antibodies, indicating that BAFF functioned a5
costirmulator of B call proliferation.

To investigate a possible effect of BATF on immuroglobulin secretion, purified
peripheral or cord blocd B celis wese preactivated by coculture with EL-4T cells ip tha
presznce of a cytekine mixture from supernatants of PHA/PMA stimulated T cells {23).
These B cclls were reisolated to 98% purity and yielded a two-fold increase in Ig
secretion during a sseondary culture inthe prestlznne of BAFF and activated T call

" oytokines as compared to cytokines alone. A very madest effect occurred in the absence

of exopenous cytokines, and an intermedinte {1.5-fold) effect was observed in the
presence of the recombinant cytokines IL-2, IL-4 and IL-10 (Fip. 5E, F).

The biochemical analysis of BAFF is also consistenl with the typical
homotrimerit structure of TNF family members, Amoap this family of ligands, BAFF
exhibits the highest level of sequence similarity with APRIL which we have recently
cheracterized 25 a Higand stimulating growth of various mor celis (1 l)_. Unlike TNF
ed LT which are two family members with equally high homology (33% identity)
and whose genes are linked on chromosome 6, APRIL and BAFF are not clustered on
the same chromosome. APRIL is jocated on chromosarme 17 (J, L. B., unpublished data
) whereas BAFF maps to the distal arm of hwman chromesome 13 (13g34).
Abnormalities in this locus were characlerized in Burkin lymphomas asthe sccond most
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frequent defect (24) besides the wanstocation lnvolving the mye gene into the Ig focus
(25). Considering the high expression levels of BAFF-R on all Burkitt lymphoma cell
1inzs znalyzed (see Table 1), this raises the inwiguing possibility that some Burkitt
lymphomas may have deregulated BAFF expression, thus stimulating prowthin an
aulocring manner.

The role of antigen-specific B lymphocytes during the different sﬁga of he
imemne responst is highly dependent on signals and contaets from helper T cells and
antigen-presenting celis such as dendritic cells (20). B lymphocytes first receive these
signals enrly on during the immune respanse when they interact with T cells at the edge
of the B cell follicles in Lysnphoid dssues, leading to their proliferation and
differentistion into low affinity antibody forming cells (18). Atthe same time some
antigen-specific B cells also migrate to the B cell follicle and contribute to the formation
of germinal centers, another site of B cell prolfiferation but also affinity manwrasion and
gencration of memery B cells and high effinity plasma cells (19).

Signals triggered by another member of the TNF supar ;'anﬁly CD4DL have been
shown 1o be critical for the function of B lymphocytes at multiple steps of the T cell-
dependent immune response. However, several studies clearly showed that
CDA40L/CDAD interaction does not acepunt for 2} contact-dependent T-cell heip for B
cells. Indeed, CD40L-deficient T celis isnlated from either knock-out mice or patients
v;ith X-linked hyper IgM syndrome have been shown to sucessfully induce proliferation
of B cells and their differentiation into plasma celis, Studies using blocking antibodies
agrinst CD40L showed that a subset of surface gD positive B cells isolated from
human topsils proliferate and differsntiate in response to activated T cells in a CD4D-
indepeadent manner. Other members of the TNF family such s membrane-bound TNF
and CD30L have also been shown to be lnvolved ina CDA49- and surface Ig-
indcpcndénl stimulation of B cells. Similar to our results with BAFF, it has been shown
that CD40-deficient B cells can be stimulated to proliferate and differentiate into plasma
cells by helper T cells as Jong as the surface Ig receplors are triggered at the same fime,
BAFF as well as CD30L and CD40L is expressed by T cells but its criginality resides in
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its expression by dendritic czlls as well as the hiphly specific location of its receptor on
B cells which is in contrast to CD4Q, CD30 and the TNF receptor which expression has
been descrided on many different cell. This observation sugpests indepcndmt-zmd
specific BAFF-induced functions on B cells. }

In support of a role for BAFF in T cell- and dendritic cell-induced B cell growth
and potential maturation, we found that BAFF costimufates proliferation of blood-
derived B cells concomitantly with cross-linking of the B cell receptors, and thus,
independently of CD40 signalling. Mortover, using CD19 positive B cells
differentiated in vitre into 2 pre-plasma cellf GC-like B cell (14), we abserved a
cosdmulatory effect of BAFF on Ig secvetion by these B cellsin the presence of
supemnatant from activated T cells or a blend of IL-2, IL-4 and IL-10. Interestingly, the
costimulatory effect was stronger in presence of the activated T cell supematant when
compared 5o the cytoking blend, suppesting additional soluble factors seoreted by
activated T cells involved in antibody production which can snergize with BAFF or
additional BAFF itsedf. 1t is, therefore, possible that BAFF actively contributes to the

~ differentiation of these GC-Jike B czlls into plasma.

It is clear that BAFF tan signal in both naive B cells as well as GC-commited B
eclls in ﬁim.;. Whether this observation will translate or not during a normal immune
tesponse will bave 1o be addressed by proper in vive experiments,

The hiojogical responses induced in B cells by BAFF are distinct from that of
CD40L, sifice proliferation triggered by CD40L was Jess dependent op an anti-p
costimulus {(17) (and Fig. 5D). Morever, CD40L can counteract apoplotic signals in B
cells following engagement of the B cell receptor (29), whereas BAFF was not able 1o
rescue the B cell line Ramos from enti-p-mediated apoptosis, despite the fact that
Ramos cells do express BAFF-R, (Table §; F. M. and J. L. B,, unpublished
chservations). Itis thevefore likely that CD4OL and BAFF fulfill distinet functions. In
this respeet, it is noteworthy that BAFF did pot interact with any of 16 recombinant
seceptors of the TNT family tested, including CD4G (P.S and J.T, unpublished

observations).
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B cell prowth was efficiently costimulated with recombinant soluble BAFF

lacking the wensoermbrans domain. This activity is i contrast to several TNF family

* membars which are active anly as membrane-bound figand such as TRAIL, FasL and

CD40L. Soluble forms oi: thesz lipands have poor bivlogical activity which can be
enhanced by their cross-linking, theschy mxzmckmg the membrane-bound ligand (15).
Tn contrast, eross-linking Flz;lg-taggerl SBAFF with anti-Fiag antibodies or the use of
mermbrans-bound BAFF expressed on the suface of epithelal cells did ot further
enhance the mitogenic activity of BAFF, suggesting that it can act systemically asa
secreted cytokine, like TNF does. This is in aprecroent with the obsarvation that a
polybasic sequence present in the stalk of BAFF acted as a substrate for a protease.

Similar palybasic sequences are also present at corresponding locations in both APRIL

and TWEAK and for both of them there is evidence of proteoiytic processing (30) (N.H.

and 1T, unpublished observaticn). Although the protzase respensible for the cleavage

remains to be determined, it is unlikely to be the mztaliu.pmzninase responsible for the

release of membrans-bound TNF 2 their sequence prefesences differ completely (1),

The multibasic motifs in BAFF (R-N-K-R), APRIL (R-K-R-R) and Tweak (R-P-R-R)

are reminiscent of the minimal cleavage signal for furin (R-X-K/R-R), the prototype of
a'pi'upm!ein convertase family (31).

Practice of the present invention will employ, unless indicated otherwise,
conventional techniquas of celf biclogy, cell culture, molzcular biclogy, mitrobiclogy,
tecombinant DNA, protein chemistry, and ‘i‘mmtmolegy, which are within the skill of
the art. Such technigues are described in the literature. Ses, for mta.mp'lc, Molecular
Cloning: A Laboratory Mapual, 20d edition. (Sambrook, Fritsch and Mani.a!is, eds.},
Cold Spring Harbor Laboratory Press, 1989; DNA Cloning, Volunes and 1f (DN.
Glover, ed), 1985; Oligonucleotide Synthesis, (ML), Galt, ed.), 1984; U.S. Patent No.
4,683,195 (Mullis etal.); Nucleic Acid Hybridization (B.D. Hames and §.J. Higgins,
eds.), 1984; Transcription and Transiation (B.D. Hames and 5.J. Higgins, eds.), 1984;
Culture of Animal Cells (R.1 Freshney, ed). Alan R. Liss, Inc., 1987; Immobilized
Cells snd Enzymes, IRL Press, 1985; A Practical Guide to Molecular Clonjag (B.
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Perbal), 1984; Metbods in Enzymelogy, Volumes 154 and 155 (Wu et al., eds),
Academic Press, New York; Gene Transfer Vectors for Mammzalian Cells (J.H.
Miller end M.P. Calos, eds.), 1987, Cold Spring Harbor Labaratory; Immunochemicn]
Metheds in Cell and Molecalar Biology (Mayer and Walker, eds.), Academic Press,
Londen, 1987; Handbeok of Experiment Immunelogy, Volurges }-IV (D.M. Weir and
C.C. Blackwell, eds.), 1986; Manipulating the Mouse Embryo, Cold Spring Habor
Labu:?;lory Press, 1986,

The following Examples are provided 1o llustrate the present inveation, and

should not be construed as limiting thereof,
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EXAMPLES

‘The following experimental procedures were utilized in Exemples 1-6.

DNA conatruct for the generation of murine BAFF Tg mice

Both human and murine cDNA sequences have besn deseribed previously
(Schneider et al, 1999). A PCR Gagment encoding full-length murine BAFF was
genetated by RT-FCR.  First strand cDNA was synthesized from moust lung polyA+
{Clentech, Palo Alto, CA) using clige dT according to the memufacturer’s protocol
{GitcoBRL, Graed Islend, NY). The PCR reaction contained ! x Pfir buffer
(Stratagene, La Jola, CA), 0.2 mM dNTPs, 10% DMSO, 12.5 pM primers, 5 wnits Pfu
enzyme (Stratagens) and the following primers with Noll restriction sites 5
TAAGAATGCGGCCGCGGAATGRATGAGTCTGCAAAS and 5.
TAAGAATGCGGCCGCGGGATCACGCACTCCAGCAA-Y,  The template was
azizpﬁﬁed for 30 cycles at 94°C for 1 min, 54 *C for 2 min and 72°C for 3 min followed
by a 10 min extension at 72°C. This sequence corresponds to nucleotides 214 to 1171
of the GanBank fite AF119383. The PCR fragment was digested with Notl and then
cloned into a modified pCEP4 vector (lavittogen, Carlsbad,CA).  The fragment
comtaining murine BAFF was removed with Xbal in order to include the SV40 polyA
pddiion site sequence. This fragment was cloned into 2 pUC based vector where the
promoter sequence was added.  The promoter, 2 1 Kb blunt Bpl2-Notl fragment
containing the human ApoE ¢nhmscer and AAT (alpha anti-rypsin) promoter was
purified from the plasmid clone S40B (3 kind gift fom Dr. Katherine Parker Ponder
Washington University, St. ;.auia; MO).  AnEcoRV/ Bgl2 fragment wos purified from
the final vector and used for the peneration of transgenic mice. The injested offspring
of CSTBLJE] female x DBA/2) male Ft (BDF1) mice were backerossed onto C57BL/S
mice. Techniques of microinjection apd generation of tmmsgenic mice have been
proviously described (Mcimights et al, 1983).

Analytical Methody:
Serum samples were subjecl to teduced SDS-PAGE analysis using @ lincar

12.5% gal. Total RNA from mouse liver was prepared and processed for Northern Blet
3




analysis using an isolation kit from Promega (Madison, WI) according to the
manufacrurer’s guidelines. BAFF transgene-specific mRNA wits detected using a probe
spanning the SV4D poly A 1=l of the transgens construct and obtained by digestion of
the madified pCEP4 vedtor with Xbal and BamHI1. The probe recognizas a 1.8-2 Kd
band corresponding 1o mRNA from the BAFF tansgene. PCR analysis of tail DNA
from BAFF Tg mice was camicd using 125 pM of the following primérs 5°-
GCAGTTTCACAGCGATGTCCT-3 and 5-GTCTCCGTTGCGTGAAATCTG-3"n a
reaction containing IX Tag polymerase buffer (Stratagenc), 0.2 aM dNTPs, 10%
DMSO and 5 units of Tag polymerase (Stratagens). A 719 bp of the transpene was
amplified for 35 cycles at 94°C for 30 sec.,, 54 °C for 1 min. and 72°C for §.5 min.
followed by a 10 min. extension at 72°C,

The presence of proteins in mouse wine was measured using Multistix 10 8G reagent
strips for urinalysis (Bayer Corporation, Diagnostics Division, Elkhart, IN),

Cell-dyn and cyfefluorimetric analysis (FACS).

Differential WBC counts of fresh EDTA anticoapulated whole blood were
performed with an Abbott Cell Dyne 3500 apparatus (Chicago,JL). For FACS analysis,
Fluorescein (FITC)-, Cy-clrome- and Phycoerythrin- (PE}labeled rat anti-mouss
antibodies; anii-B220, anti-CD4, anti-CDS_, anti-CD43, anti-1gM, anti-CDS, anti-CD23,
anti-CD24, 20ti-CD38, anti-CD21, anti-CD44, anti-L-selectin and hamster anti-Bel-
Heontrol hamster Ig kit wm.pumhascd BHom Pharmingen (San Diego, CA), Production
of recombinant E. coli as well as mammalian celi-derived imman and mouse Flag-
1agped BAFF were previously described (Schneider et al., 1999). Al antibodies were
used according to the manufucturer’s specifications. PBL were purified firom mouse
blood as follows: mouse biood was collected in microtubes containing EDTA and was
diluted [/2 with PBS. Five hundred p! of diluted blood was applied on top of | mi of
ficoll (Celasdane, Homby, Ontario, Canada) in a 4 mi glass wbe, the gradient was
performed at 2000 rpm for 30 min at room temperature and the interface containing the
lymphocytes was collected and washed twice in PBS prior to FACS staining. Splesn,
bone marrow and mesenteric lymph nodes were ground into 2 single cell suspension in
RPMI medium (Life Technologies, inc., Grand Island , NY) and washed in FACS
buffer (PRS supplemented with 2% fetal calf serure (JRH Bioscicnces, Lencxa, KS).
Cells were first suspended in FACS buffer supplemented with the following blocking
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reagents: 10 pgfmi human Ig (Sandoz, Basel, Switzerland) and 10 pg/ri anti-mouse Fe
blocking antjbody (Phanmingen} and incubated 30 min on ies prior to staining with
Thworochrome-labeled antibodies. Al antibodies were diluted in FACS buffer wilh the
blocking reageni mentoned above. Samples were anslyred using a FACScan
cytofluorometer {Becton Dickinson).

Detertion of total mouse Ig and rbeurmdtoid factors in mouse sera by ELISA
asseys. .
ELISA plates (Comning plass works, Corning, NY) were coated cvernight at 4°C
with 2 solution of 10 pp/ml of goal anti-total mouse Ig (Southern Biotechnology
Associates, Inc, Birminghara, AL) in 50 mM sedium bicarbonate buffer pH 9.5. Plates
wiere washed 3 times with PBS/0.1% Twesn and blacked ovemight with 1% gelatin in
PRS. Ope hundred pliwell of serum serial dilutions or standard dilutions was added 10
the plates for 30 min 2t 37°C. Mouse Ig were detected using 100 pliwell of 2 1 pp/m)
solution of an.AlkaIinc Phosphatase (AP)-lsbeled goat anti-total mouse Ig (Southem
Bintechnology Associates) for 30 min at 37 °C.  Afler a Iagt wash, 3 times with
PBS/0.1% Tween, the enzymatic reaction was developed using a solution of 10 pg/m]
of pairophenyl phosphate (Bochringer Mannheim, Indianapolis, IN) in 10%
diethanolamine. The reaction was stopped by adding 300 pl of 3N NaOH/well. The
optical density (0.D.) was rocasured 2t 405 mm using a spectrophotomcter from
Molecular Devices (Sunnyvale, CA). Standard curves were obtained using purified
mouse Ig purchased from Southern Biotechnology Asseciatus: In the case of detection
of thewrnetoid factors (RF), the plates were costed with narm'a} goal Ig (Jackson
ImmunoReszarch lnboratories, Inc., West Grove, PA) fostead of goat anti-mouse 1g and
detection of mouse lg was performed as descibed above: - Detsction of mouse isotypes
in the RF assay was done using AP-labzled goat enti-mouse IgA, 1gM, Jg(Ze, 12G25
end IgG3, as well as purified mouse IgA, IpM, 1gG2a, TgG2b and 1pG3 for standard
curves (Southern Biolechnology Associstes Ine). Al statistical comparisons were
performed by analysis of vatance.
Detection  of cirr:ulaﬁn_g immune complexes {CIC) and precipitation of
cryoglobuline in moose sera,

The assay was performed as previously described {Tune et al,, 1979; Singh and
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Tingle, 1982) with the following medifications: ELISA plates (Coming glass works)
were coated avernight at 4 °C with 3 pg/ml of human Clq (Quidel, San Diege, CA) in
50 mM sodium bicarbonate buffer pH 9.6, The plates were washed 3 times with
PBS/0.1% Tween. Fifty plfweli of 0.3 M EDTA was added to the plates plus 50 pl/well
of serum serial dilutions or solutions of known concentrations of 2 standard immune
complex (peroxidase-mouse enti-peroxidase (PAP) from DAKO (Carpinteria, CA). The
plates were incubated 30 min at 37 °C. The'plates were washed 3 times with PBS/0.1%

" Tween. Mouse Ig in the immuse complexes were detected vsing 100 pliwell of a

pp/ml solution of an AP-labeled poat anti-mouse Ig (Southern Biotechnology
Associates, Inc,) as desaribed above for the ELISA assays. Cryoglobulins were detected
by incubating ovemight a1 4°C mouse serum diluted /15 in water and precipitates were
scared vinmily.

Anti-donble stranded (ds) and single stranded (ss3 DNA assays. )
Anti-ssDNA were performed using NUNC-imsnuno Plate MaxiSorp plates (NUNC AfS,
Denmark). Plales were coated overnight at 4°C first with 100 ug/ml methylated BSA
{Calbochem Corp., La Jolia, CA), then with 50 up/ml grade I calf thymus DNA {Sigma,
St. Louis, MO). The calf thymus DNA was sheared by sonication and then digested
with 51 nuciease before use. For the anti-ssDNA assay, the DNA was beiled for 10 min
and chilled on ice before use. Afler blocking, serial dilntions of the serum samples were
added and incubated at room temperature for 2 b Autoantibodies were detected with
goat anti-mouse IgG-AP (Sigma) and develop as described above for the ELISA assays.
Stapdard turvas were obtained using known quantities of anti-UNA mAb 203, which is
specific for both ss- and dsDNA (Datta et al,, 1987).

Tmmuenshistochemistry

Splcen and lymph nodes were frozen in O.C.T. embedding medium (Miles, Elkhart, IN)
and mounted for eryostat seciioning. Sections 7-10 um thick were dried and fixed in
acetone, Al Ab incubations (10 pg/ml} wers done for 1 hr at room lemperature in &
humidified box afier dilution in Tris-buffercd saline A (TBS-A, 0.05M Tds, 0.15M
NaCl, 0.05% Tween-20 (v/v), 0.25% BSA), rinsed in TBS-B (0.05M Tris, 0.15M NaCl,
£.05% Tween-20) and fixed | min in methano] befare iniliating the enzymatic reaction.
Horseradish peroxidase (HRP) and alkaline phosphatase {AF) activities were developed
using the diaminobenzidine (DAB} tablet substrate kit (Sigma) end the 5-bromo-4-
chloro-3-indaly] phosphate/nitro blue tetrazolium (BCIPMNBT, Pierce, Rockford, IL),
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respeetively. Stained tissue sections were finally fixed 5 min in methanol and counter
stzined with Giemsa (Fluke, Buchs, Switzerland). Biotin-labeled antibodies rat anti-
B220, anti-CD1l¢, anti-syndecan-] as well as unlabeled mt anti-CD4, anti-CD8n and
anti-CDBP were purchased from Pharmingen. Biotin-labeled peanut agglutinin (FNA}
was ohisined Fom Vector laboratories (Burlingame, CA). (HRPHabcled mouse anti-
ral Ig and (HRP)-streptavidin were purchased fom Jackson ImmunoResearch
faboratories, Inc, and AP-labeled sireptavidin from Southem Biotechnolopy Associates,
Inc. In the case of immunokistochemistry on kidney tissue to detect Ig deposition,

. paraffin section were used, dewaxed and blocked using dilwted borse serum from Vector

{Bulingame, CA), followed by staining with HRP-gost anti-mouse Ig from Jackson
Immunoresearch. Detection was performed as described above.

Ezample 1

BAFF transgenic (BAFF Tg) founder mice have an sboormal phenotype,

Fuli l;ngth purine BAFF was expressed in trensgenic mies using the liver
specific alpha-] antitypsin promoter with the APQ E enhancer, The full length version
was chosen with the expectation that BAFF would be either cleaved and act
systemically or if retained In e membrane bound form that local liver specific
abnormalities would be observed possidly providing functional cluss. We obained 13
founder mice ;-x)sitivc for the BAFEF transpene (Table I, Four of these mice diedat g
young age. Routine patholopy was carried ot oo mice B and 816 (Table IT). There
was 10 obvipus infection in these mice; however, cerdiovascular and renal
abnormalities weze apparent and similar to those described for severe hypentansion (Fu,
1995) (Table H). Hematoxylin and eosin (H&E)}-stained kidney tissue sections of

. founder 816 showed that the merpholopy of glomenili in thst mouse was abnormal,

whereas 1he rest of the kidney tissue seemed nomal (data not shown). Many BAFF
transgenic founder mice had proteinuria (Table [f). Immunohistochemistry on spleen
frozen tissue sections from mouse 816, revealed an-abnonmal and extensive B cell
staining and yeduced staining for T celis and this observation was confirmed in the
progeny {see below, Figure 12).

Using two color FACS analysis, the ratie of % B220 posiive B cells over %
CDM positive T celis was calculated. This ratio was two to seven times higher in BAFF
Tg founder mice when compared to contro] nepative BDF1 mice (Table H), sugpesting
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an increase of the B cell population in BAFF Tp mice, We selected nioe of these
founder mice 1o generate owr different lines of transgenic mice as vnderlined in Tabls (L
None of the remaining BAFF Tg founder mice or the derived propeny showed any signs
of ill heaith months after the early death of founders 696, 700, 81} and 816, suggesting
that these 4 mice might have expressed higher levels of BAFF which caused their death,
BAFF overexpression in the livq of transgenic mice was confirmed by Nortkem blot
analysis (data not shown). In all BAFF-Tp mice txamined histologically, the livers
showed no abnormalities indicating that Jocal overexpression of BAFF did not induse
any immunological or pathological events. An ELISA assay for murine BAFF is not
available; however, we showed that 2% serum from BAFF Tp mice, but not from
comrol mice, blotked the binding. of mammalizn coll-dedved monss soluble Flag-
tagped BAFF to BJAB cells. Moreover, 5% scrum frora BAFF Tg mice but not from
control mice increased the proliferation of human B cells from PBL in the presence of
anti-p (data not shown). These data suggest that substantial amounts of soluble BAFF
are present in the blood of BAFF Tg. '

Ezample2

Peripheral lymphocytosis in BAFF Tg mice is due to elevated B cell numbers

The transgesiic mice population was found to have more lymphocytes in the biood when
compared tn contro] pegative litenmates, reaching wvalues as high as 13000
Iymphocytes/pl of biood (Figure 7A). In contrast, the number of granuloeytes per ul of
blood in both BAFF Tg mice and controf mice remained within normal limits (Figure
7A). Since FACS analysis, using anti-CD4 and anti-B220 entibodies, of peripheral
blood cells (PBL) from 18 BAFF Tg mice issued from six different founder mice
showed increased B/T ratios (Figure 7B and 7C), the clevated iymphocyte levels
resulted from an expandzd B celf subset. Likewise, using this method, caleulation of
ahsoluts oumbers of CD4 cireulating T cells revealed a 50% reduction of this T cell
subset in BAFF Tg mmice when compared to controf mice, and (e same observation was
made for the CD8 T celf subset {data not shown). Al B cells from the PBL of BAFF
Tg mice have increased MHC class If and Bel-2 expression when compared to B cells
from control mice (Figure 7D and 7E, respectively), indicating some level of B cell -
activation in PBL of BAFF Tg mice, T cells in the blood of BAFF Tg mice did aot
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express the early activation markers CD6% or CD25; however, 40 to 56% of CD4 or
CDB T calls were antivated effector T cells with a CD44Y, Loselectin® phenotype vessus
only 8% 1o 12% in contiol litermates (Figure 7F). Thus BAFF Tg mice clsarly show
signs of B eell lymphocylosis and global B ceH activation along with T cell alterations.

Example3
Expanded B cell compartments are composed of mature cells.

To ses whether overexpression of BAFF in the transpenic mice was affecting the
B cell comparthent centrally in the bone mamow and peripherally in secondary
Jymphoid organs, we cxamined by FACS the spleen, bone mamow and mesenterie
Iymph nodes fom & total of seven BAFF Tg mice and sevea control littermates derived
from four different founder mice. The mature B cell compartment was analyzed by
staining with both anti-B220 and anti-IgM antibodies. Two representative BAFF Tg
mice and one representative control littermate are shown in Figure 8. The mature B ccll
compartment (IpM+. BZ20+) was increased in both the spleen and the mesenteric lymph
nodes {Figure 8A, top and boltom panels, respectively). Analysis of BZZD*HE'gM-!- B

_ czlls {Figure 7A, middle panel) or the proB cell (CD43+/B220+} and the preB cell

(CDA3/B220+) compartments in the bone marrow (Figure 8B) showed that BAFF Tg
micc and contro] littermates were similar, These data indicate that oversxprassion of
BAFF is affecting the profifesation of matere B cells in the periphery but not progenitor
B cells in the bone mamow. Axnalysis by FACS of the B cell subpopulations in the
spleen, revealed an increzsed proportion of marginal zone (MZ) B cells in BAYF Tg
mize when cosupared to control mice (Table 3). The population of follicular B cells
remained propostions! in both BAFF Tg and control mice whereas the fraction of newly
formed B cells i3 slightly decreased in BAFF Tg mice {Table 3). This result was glso
confirmed on B220* splenic B cells using anti-CD33 versos puti-CD24 antibodies and
ani-lgM versus antiIgl antibodies and snalyzing for at the CD38Y/CD24* and

- 1gM¥1gD® for the MZ B cell population, respeciively, as previously described (Oliver

et al, 1997)(data not showa}. Immunohistochemical analysis using an anti-mouse IgM
antibody revealed the expansion of the IgM-bright MZ B cell area in the spleen of
BAFF T mice when compared to control mice {data zot shown). All BAFF Tg B226"
splenic B cells also express higher levels of MHC class Il (Table 3) and Bel-2 (datd not
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shown) compared to splenic. B cells from cortrol mice, indicating that splenic B cells zs

well as B cells from PBL are in an activated state.

Example 4
BAFF Tg wice have high levels of tofa} immunoglobuling, rhenmatoid factors and
circulating immune complezes in their serum.

The increased B cefl compartment in BAFF Tg mice suggested that the level of
total Ig in the bleod of these anjmals might also be increased. SDS-PAGE, analysis of
serum from BAFF Tg mice and control jittermates showed that the heavy and Jight
chains 1pG bands were at jeast [0 fold more intense in 3 out of 4 BAFF Tg mice
comyparsd to the control sera (Figwe 2A). Likewise, an ELISA éctmn.inalicn on the
sera from BAFF Tg mice show sigrificantly higher total Ig levels when compared 1o
that of the contro} mice Figure 9B). _

Despite the high levels sean by SDS-PAGE, the excessively high levels of Ig
seen by ELISA determination in some mice, £.g., 697-5, 816-3-3 and 823-20, ledus I
suspect the presence of theumaloid factors (RF) in the sera, or autoantibodies directed
against antigenic determinants on the Fo fragment of 1gG (Jefferls, 1995). These
antibodies could bind to the goat anti-mouse Ig used 1o coat the ELISA plates and give
erropeously high valuss, ELISA plates \';'crc coated with normal irrelevant goat Ig and
the hinding of BAFF Tg Ig 10 normal goat Ig was measured. Figwre 9C shows that s=ra
from mmost BAFF Tg mice contained Ig reacting with nonmal goat Ig, whereas only mwo
out of 19 control mice exhibited reactivity in the same assay, These RF were mainly of
the JgM, IgA and Ig(G2a isotypes (dala not shown).

Presenee of RF can be associated with the presence of high ievels of circulating
immune complexes (CIC) and cryoglobulin in the blood (Jefferds, 1995). To verify
whether ornot BAFF Tg mice bave abnormel serum levels of CIC, 2 Clg-hased binding
assay was vsed to detect CIC in the 21 BAFF Tg mice anulyzed above. Only 5 BAFF
Tz showed significantly high levels of CIC when compared to control mice, nonctheless
these mice comesponded to the animals having the highest total Ig and rheumatoid
factor levels {Figure 5D). We also observed precipitale formation when BAFF Tg mics
sera were diluted 1415 in water but not control sera jndicating the presence of

cryoplobulin in these mice (data not shown). Thus, in addition to B cell hyperplasia,
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BAFF Tp mice display severe hyperglobulinemia associated with RF and CIC.

Example 5

Some BAFF Tg wice bave bigh Jevels of anfisingle stranded (ss) and double-
stranded {ds) DNA autvantibodies.

Initially, we observed kidncy abnormalities reminiscent of & lupus-like disease
in two of our founder mice (Table H). The presence of anti-DNA mutoantibodies have
also beer described in SLE patients or the SLE-like (SWR x NZBYF1 (SNF1) mouss
(Datta et ek, 1987). Anti-ssDNA autoantibody levels were detected in BAFF Tg mice
previously shown to have the highest level of total serum Ig (Figure 10A). 'We analyzed
the serum of two BAFF Tg mice negative for antibodies against ssDNA (697-5 and 816-
1-1) end thres transgenic mice secreting anti-ssDNA antihodies (820-14, 816-8-3 and
820-7 for the prestnee of mnt-dsDNA antibodies in parallel with five control
linermates. BAFF Tg mice also secreted ant-dsDNA, however, the Jevels of secretion
did not always comelate with at of aati-ssDNA antbodies, as szrum from BAFF Tg
monse §97-5 which did not contain detectable levels of anti-ssDNA antibodies, was
clearly positive for the presence of ani-dsDMA (Figure 10B). Therefore, BAFF Tg
mics shcwiné the most severe hyperglobulinemia scorete pathological Jevels of an-
DNA zutonntibodies. Additionally, and alse remindscent of a lupus-like problem in
these mite we detected immunoplobulin deposition in the kidney of six BAFF Tg mice
analyzed (Figure 10C), thres of these mice did ne1 secrete detectable Jevels anti-DNA
antibodies (data not shown).

Erample 6
BAFF Tg mice have ealsrged B cel] follicles, numerony germinal centers, redoced

dendritic ¢l numbers snd increased plasma cell numbers in bolb the spleen and
mesenteric lymph. nodes (MLN). :

BAFF Tg mice hed large splesns, MLN (data not shown} and Peyer's patches (Figure
11). Immunchistochemistry showed the presence of enlarged B cell folficles and

_ reduced peripheral arteriolar lymphoid sheets (PALS or T cell area) in BAFF Tg mice

(Figure 12B). Interestingly, few germinal centers were observed in non-immunized
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contro] littermates {and is typical of this colony in general) and those present were small
{Figare 12C), whereas BAFF Tg mice possessed numerous germinal centers in the
absence of immunization (Figure 12D). Staining with anti-CD1 e for dendritic cells in
the T czii zone and the marginal zone of control mice (Figure 12E) was considerably
reduced in BAFF Tg mice (Figure 12F), Syndcca.n—l-ppsiﬁyc plasma cells were almost
undetectable in the spleen from control littermates (Figure 12G), yet the red pulp of
BAFF Tg mice Was swongly positive for syndecan-1 (Figure 12H). Very similar
observations were made for the MLN (Figure 13). In the MLN of BAFF Tg mice the B
cell areas were dramatjcally expanded (Figue 13B) in contrast to the nomna) node
where B cell follicles were casily recognizable at the periphery of the node under the
capsule with a typical paracortical T call zone (Figure 134). The medulla of MLN from
BAFF Tg mice were filled wilh syndecan-] positive cells which presumably are plasma
cells (Figure 13H). In conclusion, analysis of secondary lymphoid organs in BAFF Tg
mice was consistent with the mtpnndzd B cell phenotyps showing multiple cellwlar
ehnormalities and intanse immuoe activity.
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What 15 claimed is:

1. A method of stirnulating B-cell. growth in an animal comprising the step of
administering & therapetically cffestive amount of a composition selested fom
{he group consisting of: ’
" . (2) a BAFF ligand or an active fragment thereof;
() a BAFF ligand or an active frapment thereof and an enti-T antihody;
{c) a BAFF ligand or an active fragment thereof and a CD40 figand; and
{d) a BAFF ligand or an active fragment thereof and an anti-CD40 ligand

mojecule,

2 The method zccording to claim 1, wherein the BAFF ligand is a soluble BAFF

ligand.

3, The method according to claim 2, wherein the soluble BAFF ligandisa
recombinant BAFF ligand.

4, The method according to claim |, wherein the 208-CD40 molecule is a
monocional antibody,

5. The method according te claim 1, wherein the animal is of mammalian origin.

6. The method according to elaim 5, wherein the mammal is human.

7. Amethod of stimulating immunoglobulis production in an animal comprising
Ahe step of administering a therapeutically effective amount of a composition
selected from the group consisting of:

(s} a BAFF ligand or an active fragment thereof;

{b) a BAFT ligand or an active fragment thereof and an anti-T antibody;
{c) a BAFF ligand or an active fragrent thereof and a CD40 ligand;

{d} a BAFT ligand or an active fapgtment thereof and an anti-CD40 ligand

molecule,

B. The method eccording to claim ¥, wherein the BATF ligand is a soluble BAFF
figand,

9, The method according o claim 8, wherein the soluble BAFF ligandis a
recombinant BAFF figand.

19.  The method according to claim 7, wherein the anti-CD40 moleculs is a
monoclonal antibody.

11.  The method sccording to claim 7, wherein the animal is of memmalian origin.

12, The method according to claim 11, whercin the mammal is hinan
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13.

14.

15,

16.

17
18

19,

20.

25

2.

24,

25,

A method of co-stimulating B-cell growdh and immunoglobulin production in an
animal comprising the step of administering a therapewtically effective amount
of a composition szlected from the group consisting of:
{a) a BAFF ligand or an sctive fragment thersof;
(b) a BAFF ligand or an active fragment thereof and an anti-T antibody;
{c) a BAFF ligand or ao active fragment thereof and a CD40 ligand; and
(f) a BAFF ligand or an ective fragmment thereof and an anti-CD48 ligand
moiecule.

The method accon:lmg 1o claim 13, wherein the BAFF ligand is a soluble BAFF
ligand.

. The raethod according to claim 14, wherein the soluble BAFF ligand is a

recombinant BAFF ligand,

The method according to claim 13, whercin the anti-CD40 moleculeis a
menoclonal antibody.

“The method according to claim 13, wherein the animal is of mammalian origin.
The methed according to claim 17, wherein the mammal is human.

A method of stimulating dendritic cellinduced B-zell growth and maturation
comprising the step of administering a therapentically effective amount of 2
composition selected fom the group consisting oft
{a) 2 BAFF ligand or an active fragment thereof;
(b) a BAFF ligand or an active fragment thereof and an anti-T aaabcdy-
(¢} 2 BAFF ligand or an active fragment theseof and a CD40 lipand; and
() a BAFF ligand ar an active fragment thereof and an anti-CD40 ligand

molecule.
The method according to claim 19, wherein the BAFY ligand is 2 soluble BAFF
Lgand.

“The method according to claim 20, wherein the soluble BAFF lipand is a
recombinant BAFF ligand,

The methad sccording to claim 19, wherein the anti-CD40 molecule is a
monoclonal antibody.

- The method acearding to claim 19, wherein the animal is of mammalian onigin.

‘The method according to claim 23, wherein the mammal is human.

A method of inhibjting B-cell growth in an apimal comprising the step of
adninistering a therapeutically effective amount of a composition selected from
the group consisting of:

{2) 2 anti-BAFF ligend molecule or an active fragment thereof;
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26.

28

29,

3.
31

32

33

34,

35,

36.

%
38

39,

(b) a recombinant, inoperative BAFF ligand moleculs or an active

fragment thereof,
{c) an antibody specific for BAFF ligand or an active fragment thereof;

and
(d) an antibody specific for BAFT ligand receptor or an epitope therenf

The method according to claim 25, wherein the anti-BAFF ligand is soluble.

The method according to claim 26, whersin the soluble anti-BAFF Lgapd isa
recombinan anti-BAFF ligand

The method according to claim 25, wherein the anti-BAFF antibody is a
monoclonal antibody.

The method according to claim 25, wherein the anti-BAFF receptor antibody is a
monoclonal antibody. -

The method according to claim 25, wherein the animal is of mammalian origin.
The method according to claim 30, wherein the mammal is human,

A method of inhibiting immunoglobulin production in an animal comprising the
step of administering i therapeutically effective amount of a compesition
selected from the group consisting of:
{2) a ant-BAFF ligant molecule or an active fragment thereof;
{b) = recombinant, inoperative BAFF Bgand molecule or an active
fragment thereof;
(€) an antibody specific for BAFF ligand or an active fragment thereof;
and :
{d) an antibody specific for BAFF lgand receptor or an epitope thereof,

The method aceording o claim 32, wherein the anti-BAFF ligand is soluble.

The method according to claim 33, wherein the soluble anti-BAFF ligand is a
recembinant anti-BAFF ligand.

The methed according to claim 32, wherein the anti-BAFF antﬁmdy isa
monoclonal antibody.

" The method according to claim 32, wherein the znt-BAFF receptor antibody isa

monoclonal antibody,

The methed according to claim 32, wherein the animat is of mammalian origin.
The rethod according to claim 37, wherein the mammat is buman.
A method of co-inhibiting B-cell growth and immunoglobulin production in an
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animal comprising the step of administering a therapentically effective amount
of a composition selected from the group consisting of:

(2) a anti-BAFF ligand melecule or an active fragment thereof;

(b} a recombinant, inoperative BAFF ligand molecule or an active

fragment thereof;
{c) an antibody specific for BAFF ligasd or an active fngment thersof
and

{d) an antibody specific for BAFF ligand recaptor or &n epitope thereof.
The method according o claim 39, wherein the anti-BAFF ligand is soluble.

The method according to claim 40, whercin the soluble anti-BAFF ligand is a
recombinant anti-BAFF ligand.

The method sccording o elsim 39, wherein the anti-BATFF antibody isa
monoclonat antibody.

The method according 1o claim 39, whersin the ant-BAFF receptor antibody is 2
mongcional antibody. '

The method according to claim 39, wherein the animal is of mammalian origin.
The method according to claim 44, wherein the mammal is human,

A methed of inhibiting dendritic eall-induced B-cell growth and maturation in
an animal comprising the step of administering a therapeutically effective
amoumt of a composition seleciéd from the group consisting of:
{2) 2 anti-BAFF ligand molecule or an sctive fragmenl thereof;
(b) a recombinant, inoperative BAFF ligand molecule or an active
fragment thereof;
{c) an antibody spacific for BAFF ligand or an active fragment thereof;
and
(d) an antibody specific for BAFF ligand receptor or aa epitope thereof.

The method according to claim 46, wherein the anti-BAFF ligand is soluble.

The method aceordiog to claim 47,-wherein ibe soluble.anti-BAFF ligand isn

recombinant anti-BAFF ligand,

The methed acecrding 1o elaim 46, wherein the anti-BAFF antibody isa
monoclonal antibody.

The method zccording to claim 46, wherein the anti-BAFF receptor antibody isa
moneeldnal antibody.

The method according to claim 46, wherein the animal is of mammalian origin.

_ Themethod according 1o claim 51, wherein the rammal is human.
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53, A method of trestment of an auioimemune disease comprising the step of
administering a therapeutically effective amount of a composition selected fiom
the group consisting of: '

{2} a BAFF ligand or an active fragment thereof:

(b) a BAFF Higand or an active fragment thereof and an anti-T antibudy;

{t) a BAFF lipand or an active fragment thereof and a CDA0 figand;

() a BAFF ligand or an active fragment thereof and an anti-CD40 ligand
molecule;

(&) 3 anti-BAFF ligand moleculs or an active flagment thereof;

{f) 2 recombinant, inoperative BAFF ligand molecule or an active
frapment thereof:

{g) an antibody specific for BAFF ligand or an active fragment thereof;
and

(h) an antibody specific for BAFT ligand receptor or an epitope thereof.

54,  The method according to claim 53, wherein the BAFF ligand is 2 soluble BAFF
ligand.

55, The method according to claim 54, wherein the soluble BAFF ligand is a
recombinant BAFF ligand.

56.  The method according to claim 53, wherein the anti-CD40 molecule is a
muonoclone] antibody.

57.  The method according to claim 53, wherein the anti-BAFF figand is soluble,

58.  The method according to claim 57, wherein the soluble anti-BAFF ligandisa
recombinant anti-BAFF ligand.

59,  The method according to claim 53, wherein the anti-BAFF antibody is a
monoclonal antibody.

60.  The method atcording to claim 53, wherein the anti-BAFF receplor antibody is a
' mongelonal antibody,

61 ‘The method according to claim 53, wherein the animal is of mammalian origin.
62.  The method according to claim 53, wherein the mammal js human,

63. A method of treating 2 disorder related to BAFF-ligand comprising the steps of
{a) introducing into a desired cell a tharapeutically effective amount of a
vector contziting a pene encoding for a BAFF-related molecule; and

{b) expressing seid gene in said cell. .

64, The method according to clair 63, wherein the BAFF-relaled molecule s
selected from the group consisting oft
{a) 2 BAFF ligand or an active fregment thercof;
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(b} a BAFF ligand or an active frapment thereof and an anti-T antibody,

{c) a BAFF ligand or an active frapment thereof and a CD40 ligand;

{d) a BAFF ligand or an active fragment thereof and an anti-CD44 ligand
molecule;

{e) 2 anti-BAFF ligand molecule or an active frapment thezeof;

{f} arecombinmtt, inoperative BAFF ligand molecule or an active
fragment thereof; .

(g} an zntbody specific for BAFF ligand or an active fragment thereof;
and

(1) an antibody specific for BAFF ligand receplor or an epitops thereof,

The method according to claim 64, wherein the BAFF ligand is a soluble BAFF
ligand. :

The method according 1o claim 65, whereln the soluble BAFF ligandis a
recombinant BAFT ligand,

The method according to claim 64, wherein the anti-CD40 molecule is a
monotlonal antibody.

The method according to claim 64, wherein the anti-BAFF ligand is soluble,

The method accerding to claim 64, wherein the soluble anti-BAFF ligandisa
recombinant anti-BAFF ligand.

The method according to claim 64, wherein the anti-BAFF antibody is a
monaclonal antibody.

The method according to elaim 54, wherein the anti-BAFF receptor antibody is a
monoclonal antibody.

The method according to claim 64, wherein the animal is of mammalian origin.
The method accarding to claim 72, whereln the marnmal is human.

A method of inducing cell death comprising the administration of an agent
capable of interfering with the binding of a BAFF-ligand to a receptor,

A method of treating, suppressing or altering sn immune response .
involving a sipnaling pathway between 8 BAFF-ligand and its receptor

comprising the step of administering an effective amount of an agent

capable of interfering with the association batween the BAFF-lipand and

its receplor.

A methed of inkibiing mflammation comprising the step of administering a

therapeutically effective amount of an antibody specific for 3 BAFF-ligand or an
active frapment thereof.
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A method of inhibiting inflammation comprising the step of administering a
therapeutically effertive amount of an antibody specific for 2 BAFF-ligand
receptor or an epitope thereof.

A method of regulating hematopoietic celf development cotprising the step of
administering a therapeuticaily efective amount of s BAFF-lighnd or an aclive
fragment thereof.

A method of treating, suppressing or allering an immune response
involving a sipnaling pathway between a BAFF-ligand and its receptor
comprising the step of administering zn effective amount of an agent
capable of interfering with the association hetween the BAFF-ligand and
i1s receplor.

A method of weating hypertension in an animal comprising the stap of
administering a therapeutically efective amourt of 2 B-cal] growth inkibitor,

The method according to claim 80, wherein the B-cel] prowth inhibitor is

selected from the group consisting oft
{€) (2) a anti-BAFF ligand molecule or an active fragment thereof;
(f) 2 recombinant, inoperative BAFF ligand molecule or an active

fragment thereof]

{g) an antibody specific for BAFF ligand or an active fragment thereof:
and

(b) an antibody specific for BAFF ligand receptor or an epitope thereof,

The method according to claim 81, wherein the anti-BAFF ligand is soluble,

The method according to claim 82, wherein the soluble anti-BAFF ligand isa
recombinant anti-BAFF ligand.

The method according 1o claim 81, wherein the anti-BAFF antibody is 2
maonoclonal antibody.

The method aceording to claim 81, wherein the anti-BAFF receptor antibody is a
monoclonal antibody.

The method according to claim §1, wherein the anfmal is of mammalian origin.
The method according to claim 36, wherein the mammal is human.

A method of reating bypertznsion in an animal comprising the step of
administering a therapeutically effective amount of a co-inhibitor of B-cell
growth and immunoglobulin secretion.

A method of treating cardiovascular diserders in an animal comprising the sizp
of administering a therpeutically effective smount of a B-cell growth inhibiter.
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A method of treating cardiovascular disorders in an animal comprising the step
of administering & therapeutically effective amount of a co-inhibiter of B-cell
growth and immusoplobulin production.

A method of treating renal diserders in zn animal comprising the step of
administering a tiermpantically effective amount of a B.cell grovath inbibitor,

A method of treating renal diserders in & animel comprising the step of '
administering a therapeutically effective amount of a co-inhibitor of B-cell
growth and irmunoglobulin production

A method of treating B-cell lympho-proliferate disorders comprising the siep of
administering a therapeutically effective amount of a B-cell growth ihibitor. .

A method of stmulating B-cell production in the treatment of
immunosuppressive diseaszs comprising the step of administering a
therapeutically effective amount of a composition seleéted froni the group
consisting oft
(2) a BAFF ligand or an active fragment therzof;
(f) aBAFF Bgand or an active fragment thereof and an anti-T astibody:
{2} a BAFF ligand or an active fragment thereof and a CD40 lipand;
*(h} a BAFF ligand or an active {ragment thereof and an anti-CD40 ligaad
molecule;
(i) 2 ani-BAFF ligand moleculs or an aclive fagment thereof]
() 2 recombinant, inoperative BAFF lizgand molecule or an active
fragment thereof; .
(k) an antibody specific for BAFF ligand or an active frapment thereof,
and
() an antibody specific for BAFF ligand receptor or an epitopé thereof,
A method of stimufating B-cell preduction ik the weatment of an
immunosuppressive disease conprising the step of administering 2
therapeutically effective amount of 2 composition selected from the group
consisting of:
(i) a BAFF ligand or an active fragment thercof;
{i) 2 BAFF ligand or an active fragment thereof and an anti-T antibody;
{k) 2 BAFF ligand or an active fragment thereof and 2 CD40 ligand;
(1) 2 BAFF Ligand or an active fragment thereof and an anti-CD40 ligand
molecule;
{m)a anti-BAFF ligand melecule or an sctive fragment thereaf] : -
{n) a recombinant, inoperative BAFF ligand molecule or an active
fragment thereof;
{0} an antibody specific for BAFF lipand or an active fragment thereaf;
and

A method according to claim 95 wherein the immunosuppressive disease is HIV.
A method according to claim 95 whergin the immumosuppressive disease is
associaled with an orgen transplantation,
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ABSTRACT OF THE DISCLOSURE

Members of the TNF family induce pleiotropic biological responses, including
cell growth, differentistion, and even death. Here we describe 2 nove] member of the
TNF family designated BAFF which is expressed by T cells and dendritic cells. Human
BAFF was mapped to chromosome 13932-34. Membrane-bound BAFF is processed
and secreted through the action of a protease whose specificity matches that of the furin
family of proprotein convertases. The expression of BAFF receptor (BAFF-R) appears
10 be restricted to B cells. Both membrane-bound and sofuble BAFF induce
proliferation of anti-1gM-stimuleted peripheral blood B-lympbocytes. In conjimction
with activated T cell supersatants, BAFF also leads aupments secretion of
immunoglobuling from preactivated B cells. These results suggest tat BAFF plays an

- importaat role as costirmulatar of B cell preliferation and function.

The cause of many stolmmune and infammatory diseases is unresolved,
althouph dysregulated production of TNF family members appears to be important in
many cases. Mice transgenic for BAFF have vastly incrcased numbers of mature B cell
and develop autoimmune-like manifestations, such as the presence of high levels of
theumatoid factors, cimlating immune somplaxes, anti-DNA autoantibodies and
immunoglobulin deposition in the kidneys. This phenotype is reminiscent of certain
human autoimmune disorders and suggests that dysregulation of BAFF expression ray

be & eritical element in the chain of events leading to awtoimmunity.
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Tablel: Expression of MARC-. & Iy different ool lines

Celi type Celllines MARCHbinding Specific details
Epithelial-lke HT-29 - colon adenocarcinoma
A5 4+ m:in;mma
MCE? . breast adenocarcinoms
MEE0 - malanoma
Cos + monkey kidoey cells
Fibroblasts WL - lung | o
Hs68 - foreskin
Hs-27 - forskia
Eadothelial eells  HUVEC ~ umbilical vein
Macropheges/ THP-1 4+ Imenocyte
monHeytes ’
T ezl Yiney Moli-4 . Iymphoblastic leukemia
Hut-78 - cutancous lymphona
Jurkac - Tymmphoblastic leakemia
B cell lnes BIAB Rand Burdtt lymphoma
Namalaws + Burkint lymphoma
Dandi +- Burkitt ymphoma EBNA+ VCA+
Rames 4 Buskitt lymphoma EBV-
Rafl - Burkin lymphoma
JIYOYE + Burkirt ymphoma
SKW.64 + TeM secteting EBY+
RPMI 1788 L pediphern! blood, IgM secreting
M- At lymphoblast Ig secreting
NC-37 s Tympheblast EBV+
Mouse celt lines  WEHL-231 . B cell lymphoma
A0 - B ool lymphoma

Serlans expression of MARCH m&mmﬁb;ﬂ@nﬁngm&mrdmm 1 duaribed in Maedal vd
Moty .
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TebldT: List of BARF transgenic fonndar ke

Mousze pumber Praleinoia® En_f '
690 fesmate? ND 2
96 mue” ¥D ND
B9 female +H+ ND
00 male” ND ND
307 male - 44
204 frmate fees 54
307 female ND 4
210 make 4+ 18
811 e ND ND
813 male + 14
M

Bf fronale - ++ MD
810 male -+ 3
B23 male -+ 2.3
Loztro] BDF1 H- 15
femals

Contre) BDF} e 75
male

? Proteinuris was messared using madical m]wsmpdippa{m
mouze wrine and it Sefined ag followe: - bo proteiniris, +.

+ [30myid), ++ (100 mg/dl} -+ (10D m;ld]). e {SZDDDW&)
BT, ks theratives of % B cells over % T cells in PBL 13 detesssined
by PACS analysss, using PE-jabeledd s0ti-B220 and FITC-Jabeled

anti-CDd anSbodies for dooble staining.

©Early sealzdeath

dNn Baisgrne banaaising in fEegeny. )

‘mmmm&&anwmmm
Msmnmﬁw!dm ty preseoce of blood in orine, Heart, Kdney
xnd ariexiss abnormalitics were spparcnt after ksalysis of
BAR-sised secnoes from all bovues, Incgeased spienis B eslt
mmn #3 Getezmined by immnpobistochamistry on splem

sectinns nsing bictin-labeled sni-monse B0

:uh-mmcm. fellowed by silaline phospiatuse. ibelad
streplavdin and boreradish perorithsedabeled ot lp.

Underfined focnder mice ged for breeding
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